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^ '54) Title: MODIFIED ANNEXI^ 

(57) Abstract: A modified annexin protein, preferably annexin V, is used to prevent thrombosis without increasing hemorrhage. 
^ Annexin binds to phosphatidylserine on the outer surface of cell membranes, thereby preventing binding of the prothrombinase 

complex necessary for thrombus fomiation. It does not, however, affect platelet aggregation necessary for hemostasis. The modified 
Q annexin molecule can be a homodimer of annexin, an annexin molecule coupled to one or more polyethylene glycol chains, or an 

annexin molecule coupled to another protein. By increasing the molecular weight of annexin, the modified annexin is made to remain 
^ in circulation for sufficient time to provide a sustained therapeutic effect. 
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MODFIED ANNEXIN PROTEINS AND METHODS FOR PREVENTING 
THROMBOSIS 

FIELD OF THE INVENTION 
5 The present invention relates generally to methods and compositions for 

treating thrombosis. More particularly, it relates to modified annexin proteins and 
methods for their use. 

BACKGROUND OF THE INVENTION 

10 Thrombosis — the formation, development, or presence of a blood clot 
(thrombus) in a blood vessel — ^is the most common severe medical disorder. The 
most frequent example of arterial thrombosis is coronary thrombosis, which leads to 
occlusion of the coronary arteries and often to myocardial infarction (heart attack). 
More than 1.3 million patie:nts are admitted to the hospital for myocardial infarction 

15 each year in North America. The standard therapy is administration of a thrombolytic 
protein by infusion. Thrombolytic treatment of acute myocardial inferction is 
estimated to save 30 lives per 1000 patients treated; nevertheless the 30-day mortality 
for this disorder remains substantial (Mehta et al.. Lancet 356:449-454 (2000), 
incorporated herein by reference). It would be convenient to administer 

20 antithrombotic and thrombolytic agents by bolus injection, since they might be used 
before admission to hospital with additional benefit (Rawles, J. Am. Coll, Cardiol. 
30:1181-1186 (1997), incorporated herein by reference). However, bolus injection 
(as opposed to a more gradual intravenous infusion) significantly increases the risk of 
cerebral hemorrhage (Mehta et al, 2000). The development of an agent able to 

25 prevent thrombosis and/or increase thrombolysis, without augmenting the risk of 
bleeding, would be desirable. 

Unstable angina, caused by inadequate oxygen delivery to the heart due to 
coronary occlusion, is the most common cause of admission to hospital, with 1.5 
30 million cases a year in the United States alone. When patients with occlusion of 
coronary arteries are treated with angioplasty and stenting, the use of an antibody 
against platelet gp lib / Ilia decreases the likelihood of restenosis. However, the same 
antibody has shown no benefit in unstable angina without angioplasty, and a better 
method for preventing coronary occlusion in these patients is needed. 
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Another important example of arterial thrombosis is cerebral thrombosis. 
Intravenous recombinant tissue plasminogen activator (rtPA) is the only treatment for 
acute ischemic stroke that is approved by the Food and Drug Administration. The 
5 earher it is administered the better (Ernst et al., Stroke 31:2552-2557 (2000), 
incorporated herein by reference). However, intravenous rtPA administration is 
associated with increased risk of intracerebral hemorrhage. Full-blown strokes are 
often preceded by transient ischemic attacks (TIA), and it is estimated that about 
300,000 persons suffer TIA every year in the United States. It would be desirable to 
10 have a safe and effective agent that could be adininistered as a bolus and would for 
several days prevent recurrence of cerebral thrombosis without increasing the risk of 
cerebral hemorrhage. Thrombosis also contributes to peripheral arterial occlusion in 
diabetics and other patients, and an efficacious and safe antithrombotic agent for use 
in such patients is needed. 

15 

Venous thrombosis is a frequent complication of surgical procedures such as 
hip and knee arthroplasties. It would be desirable to prevent thrombosis without 
increasing hemorrhage into the field of operation. Similar considerations apply to 
venous thrombosis associated with pregnancy and parturition. Some persons are 

20 prone to repeated venous thrombotic events and are currently treated by 
antithrombotic agents such as coumarin-type drugs. The dose of such drugs must be 
titrated in each patient, and the margin between effective antithrombotic doses and 
those increasing hemorrhage is small. Having a treatment with better separation of 
antithrombotic activity from increased risk of bleeding is desirable. All of the 

25 recently introduced antithrombotic therapies, including ligands of platelet gp lib / Ilia, 
low molecular weight heparins, and a pentasaccharide inhibitor of factor Xa, carry an 
increased risk of bleeding (Levine et al., Chest 119:108S-121S (2001), incorporated 
herein by reference). Hence there is a need to explore alternative strategies for 
preventing arterial and venous thrombosis without . augmenting the risk of 

30 hemorrhage. 



2 
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To inhibit the extension of arterial or venous thrombi without increasing 
hemorrhage, it is necessary to exploit potential differences between mechanisms 
involved in hemostasis and those involved in thrombosis in large blood vessels. 
Primary hemostatic mechanisms include the formation of platelet microaggregates, 
5 which plug capillaries and accumulate over damaged or activated endothelial cells in 
small blood vessels. Inhibitors of platelet aggregation, including agents suppressing 
the formation or action of thromboxane A2, Ugands of gp Ila / lllb, and drugs acting 
on ADP receptors such as clopidogrel (Hallopeter, Nature 409:202-207 (2001), 
incorporated herein by reference), interfere with this process and therefore increase 
10 the risk of bleeding (Levine et al, 2001). In contrast to microaggregate formation, 
occlusion by an arterial or venous thrombus requires the continued recruitment and 
incorporation of platelets into the thrombus. To overcome detachment by shear forces 
in large blood vessels, platelets must be bound tightly to one another and to the fibrin 
network deposited around them. 

15 

Evidence has accumulated that the formation of tight macroaggregates of 
platelets is facilitated by a cellular and a humoral amplification mechanism, which 
reinforce each other. In the cellular mechanism, the formation of relatively loose 
microaggregates of platelets, induced by moderate concentrations of agonists such as 

20 ADP, thromboxane A2, or collagen, is accompanied by the release from platelet 
a-granules of the 85-kD protein Gas6 (Angelillo-Scherrer et al. Nature Medicine 
7:215-221 (2001), incorporated herein by reference). Binding of released Gas6 to 
receptor tyrosine kinases (Axl, Sky, Mer) expressed on the surface of platelets induces 
complete degranulation and the formation of tight macroaggregates of these cells. In 

25 the humoral amplification mechanism, a prothrombinase complex is formed on the 
surface of activated platelets and microvesicles. This generates thrombin and fibrin. 
Thrombin is itself a potent platelet activator and inducer of the release of Gas6 
(Ishimoto and Nakano, FEBS Lett. 446:197-199 (2000), incorporated herein by 
reference). Fully activated platelets bind tightly to the fibrin network deposited 

30 around them. Histological observations show that both platelets and fibrin are 
necessary for the formation of a stable coronary thrombus in humans (Falk et al. 
Interrelationship between atherosclerosis and thrombosis. In Vanstraete etal. 
(editors), Cardiovascular Thrombosis: Thrombocardiology and Thromboneurology . 



wo 02/067857 



PCT/US02/05079 



Philadelphia: Lipincott-Raven Publishers (1998), pp. 45-58, incorporated herein by 
reference). Another platelet adhesion molecule, amphoterin, is translocated to the 
platelet surface during activation, and binds anionic phospholipid (Rouhainen et ai., 
Thromb. Hemost. 84:1087-1094 (2000), incorporated herein by reference). Like 
5 Gas6, amphoterin could form a bridge during platelet aggregation. 

The question arises whether it is possible to inhibit these amplification 
mechanisms but not the initial platelet aggregation step, thereby preventing 
thrombosis without increasing hemorrhage. The importance of cellular amplification 

10 has recently been estabUshed by studies of mice with targeted inactivation of Gas6 
(Angelillo-Scherrer etal, 2001). The Gas6-/- mice were found to be protected 
against thrombosis and embolism induced by collagen and epinephrine. However, the 
Gas6-/- mice did not suffer from spontaneous hemorrhage and had normal bleeding 
after tail clipping. Furthermore, antibodies against Gas6 inhibited platelet aggregation 

15 in vitro as well as thrombosis induced in vivo by collagen and epinephrine. In 
principle, such antibodies, or ligands competing for Gas6 binding to receptor tyrosine 
kinases, might be used to inhibit thrombosis. However, in view of the potency of 
humoral amplification, it might be preferable to inhibit that step. Ideally such an 
inhibitor would also have additional suppressive activity on the Gas6-mediated 

20 cellular amplification mechanism. 

A strategy for prevenfing both cellular and humoral amplification of platelet 
aggregation is provided by the annexins, a family of highly homologous 
antithrombotic proteins of which ten are expressed in several human tissues (Benz and 

25 Hofinann, Biol. Chem. 378:177-183 (1997), incorporated herein be reference). 
Annexins share the property of binding calcium and negatively charged 
phospholipids, both of which are required for blood coagulation. Under physiological 
conditions, negatively charged phospholipid is mainly supplied by phosphatidylserinc 
(PS) in activated or damaged cell membranes. In intact cells, PS is confined to the 

30 iimer leaflet of the plasma membrane bilayer and is not accessible on the surface. 
When platelets are activated, the amounts of PS accessible on their surface, and 
therefore the extent of annexin binding, are greatly increased (Sun et al, Thrombosis 
Res. 69:289-296 (1993), incorporated herein by reference). During activation of 
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platelets, micro vesicles are released from their surfaces, greatly increasing the surface 
area expressing anionic phospholipids with procoagulant activity (Merten et al., 
Circulation 99:2577-2582 (1999); Chow et al., J. Lab. Clin. Med. 135:66-72 (2000), 
both incorporated herein by reference). These may play an important role in the 
5 propagation of platelet-mediated arterial thrombi. 

Proteins involved in the blood coagulation cascade (factors X, Xa, and Va) 
bind to membranes bearing PS on their surfaces, and to one another, forming a stable, 
tightly bound prothrombinase complex. Several annexins, including II, V, and VIII, 

10 bind PS with high affinity, thereby preventing the formation of a prothrombinase 
complex and exerting antithrombotic activity. Annexin V binds PS with very high 
aflOnity (Kd = 1.7 nmol/L), greater than the affinity of factors X, Xa, and Va for 
negatively charged phospholipids (Thiagarajan and Tait, J. Biol. Chem. 265:17420- 
17423 (1990), incorporated herein by reference). Tissue factor-dependent blood 

15 coagulation on the surface of activated or damaged endothelial cells also requires 
surface expression of PS, and annexin V can inhibit this process (van Heerde et al., 
Arterioscl. Thromb. 14:824-830 (1994), incorporated herein by reference), although 
annexin is less effective in this activity than in inhibition of prothrombinase 
generation (Rao et al., Thromb. Res. 62:517-531 (1992), incorporated herein by 

20 reference). 

The binding of annexin V to activated platelets and to damaged cells probably 
explains the selective retention of the protein in thrombi. This has been shown in 
experimental animal models of venous and arterial thrombosis (Stratton et al., 

25 Circulation 92:3113-3121 (1995); Thiagarajan and Benedict, Circulation 96:2339- 
2347 (1997), both incorporated herein by reference), and labeled annexin has been 
proposed for medical imaging of vascular thrombi in htmians, with reduced noise and 
increased safety (Reno and Kasina, Intemational Patent Application PCT/US95/07599 
(WO 95/34315) (published December 21, 1995), incoiporated herein by reference). 

30 The binding to thrombi of a potent antithrombotic agent such as armexin V provides a 
strategy for preventing the extension or recurrence of thrombosis. Transient 
myocardial ischemia also increases annexin V binding (Dumont et al., Circulation 
102:1564-1568 (2000), incorporated herein by reference). Annexin V imaging in 
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humans has shown increased binding of the protein in transplanted hearts when 
endomyocardial biopsy has demonstrated vascular rejection (Acio et al., J. Nuclear 
Med. 41 (5 Suppl.):127P (2000), incorporated herein by reference). This binding is 
presumably due to PS exteriorized on the surface of damaged endothelial cells, as 
5 well as of apoptotic myocytes in hearts that are being rejected. It follows that 
administration of annexin after myocardial infarction should prevent the formation of 
pro-thrombotic complexes on both platelets and endothelial cells, thereby preventing 
the extension or recurrence of thrombosis. Annexin V binding is also augmented 
following cerebral hypoxia in humans (D'Arceuil et al., Stroke 2000: 2692-2700 
10 (2000), incorporated herein by reference), which supports the hypothesis that 
administration of annexin following TIA may decrease the likelihood of developing a 
fiiU-blown stroke. 

Annexins have shown anticoagulant activity in several in vitro thrombin- 

15 dependent as5a>^, as well as in experimental animal models of venous thrombosis 
(Romisch et al. Thrombosis Res. 61:93-104 (1991); Van Ryn-McKenna etal.. 
Thrombosis Hemostasis 69:227-230 (1993), both incorporated herein by reference) 
and arterial thrombosis (Thiagarajan and Benedict, 1997). Remarkably, annexin in 
antithrombotic doses had no demonstrable effect on traditional ex vivo clotting tests in 

20 treated rabbits (Thiagarajan and Benedict, 1997) and did not significantly prolong 
bleeding times of treated rats (Van Ryn-McKenna etal, 1993). In treated rabbits 
annexin did not increase bleeding into a surgical incision (Thiagarajan and Benedict, 
1997). Thus, uniquely among all the agents so far investigated, annexins exert 
antithrombotic activity without increasing hemorrhage. Annexins do not inhibit 

25 platelet aggregation triggered by agonists other than thrombin (van Heerde et al., 
1994), and platelet aggregation is the primary hemostatic mechanism. In the walls of 
damaged blood vessels and in extravascular tissues, the tissue factor / Vila complex 
also exerts hemostatic effects, and this system is less susceptible to inhibition by 
annexin V than is the prothrombinase complex (Rao etal., 1992). This is one 

30 argument for confining administered annexin V to the vascular compartment as far as 
possible; the risk of hemorrhage is likely to be reduced. 
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Despite such promising results for preventing thrombosis, a major problem 
associated with the therapeutic use of annexins is their short half-life in the 
circulation, estimated in experimental animals to be 5 to 15 minutes (Romisch et al., 
1991; Stratton etal, 1995; Thiagarajan and Benedict, 1997); annexinV also has a 
5 short half-life in the circulation of humans (Strauss et al., J, Nuclear Med. 41 (5 
Suppl.):149P (2000), incorporated herein by reference). Most of the annexin is lost 
into the urine, as expected of a 36kDa protein (Thiagarajan and Benedict, 1997), 
There is a need, therefore, for a method of preventing annexin loss firom the vascular 
compartment into the extravascular compartment and urine, thereby prolonging 
10 antithrombotic activity following a single injection. 

SUMMARY OF THE INVENTION 

The present invention provides compounds and methods for preventing 
arterial or venous thrombosis without increasing hemorrhage. A recombinant human 

15 annexin, preferably annexin V, is modified in such a way that its half-life in the 
vascular compartment is prolonged. This can be achieved in a variety of ways; three 
preferred embodiments are an annexin coupled to polyethylene glycol, a 
homopolymer or heteropolymer of annexin, and a fusion protein of annexin with 
another protein (e.g., the Fc portion of immunoglobulin). The modified annexin binds 

20 with high affinity to phosphatidylserine on the surface of activated platelets or injured 
cells, thereby preventing the binding of Gas6 as well as procoagulant proteins and the 
formation of a prothrombinase complex. Modified annexin therefore inhibits both the 
cellular and humoral mechanisms by which platelet aggregation is amplified, thereby 
preventing thrombosis. 

25 

In one embodiment, the present invention provides an isolated modified 
annexin protein containing an annexin protein, preferably annexin V, coupled to 
polyethylene glycol (PEG). Preferably, at least two PEG chains are coupled to a 
single annexin molecule, with each PEG having a molecular weight of at least 5 kDa, 
.30 more preferably at least 10 kDa, and most preferably at least 15 kDa. In an alternative 
embodiment, an isolated modified annexin protein contains an annexin protein 
coupled to at least one additional protein, such as an additional annexin protein 
(forming a homodimer) or the Fc portion of immunoglobulin. The additional protein 
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preferably has a molecular weight of at least 30 kDa. Also provided by the present 
invention are pharmaceutical compositions containing an antithrombotically effective 
amount of any of the modified annexin proteins of the invention. 

5 In methods of the invention, the modified annexin is administered to a subject 

at risk of thrombosis in a pharmaceutical composition having an antithrombotically 
effective amount of any one of the modified annexin proteins of the present invention. 
For example, the pharmaceutical composition can be administered after an arterial 
thrombosis such as coronary thrombosis, cerebral thrombosis, or a transient cerebral 
10 ischemic attack. It can also be administered after a surgical operation associated with 
venous thrombosis. Additionally, it can be administered to subjects having conditions 
subject to arterial or venous thrombosis, such as diabetes, pregnancy, or parturition, 

Also provided by the present invention are an isolated nucleic acid molecule 
IS . encoding a homodimer of annexin, a recombinant molecule containing at least a 
portion of the nucleic acid molecule, and a recombinant cell containing at least a 
portion of the nucleic acid molecule. The recombinant cell is cultured under suitable 
conditions in a method of the invention to produce a homodimer of annexin. 

20 The present invention also provides a method for screening for a modified 

annexin protein that modulates thrombosis using a thrombosis test system. The test 
system is contacted with a test modified annexin protein, after which the thrombolytic 
activity is assessed and compared with the activity of the system in the absence of the 
test modified annexin protein. Preferably, the activated partial thromboplastin time is 

25 measured. Also provided is a method for identifying a modified annexin protein by 
contacting activated platelets with a test modified armexin' protein and assessing the 
platelet-binding and protein S-binding activity. 

Also provided by the present invention is a method for in vivo screening for a 
30 modified annexin protein. In this method, a thrombosis animal model is contacted 
with a test modified annexin protein, after which the in vivo anticoagulation activity 
and increase in hemorrhage of the test modified armexin protein is assessed. The 
anticoagulation activity and time are compared with the anticoagulation activity and 
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time of annexin, and the amount of hemorrhage is compared with hemorrhage in the 
animal model in the absence of the test modified annexin protein. 

BRIEF DESCRIPTION OF THE FIGURES 
5 FIG. 1 shows a DNA construct for making a homodimer of annexin V. 

FIG. 2 is a plot of clotting time of an in vitro clotting assay comparing the 
anticoagulant potency of recombinant human annexin V and pegylated recombinant 
human annexin V. 

10 DETAILED DESOilPTION OF THE INVENTION 

The present invention provides compounds and methods for preventing 
thrombosis in mammals without increasing hemorrhage. The invention relies in part 
on the recognition that the primary mechanisms of platelet aggregation are different 
from the mechanisms of amplifying platelet aggregation, which are required for the 

15 formation of an arterial or venous thrombus. By inhibiting thrombus formation but 
not primary platelet aggregation, thrombosis can be prevented without increasing 
hemorrhage. 

Compounds of the invention include any product containing annexin amino 
20 acid sequences that have been modified to increase the half-life of the product in 
humans or other mammals. Where "amino acid sequence" is recited herein to refer to 
an amino acid sequence of a naturally-occurring protein molecule, "amino acid 
sequence" and like terms, such as "polypeptide" or "protein," are not meant to limit 
the amino acid sequence to the complete, native amino acid sequence associated with 
25 the recited proteins. The amiexins are a family of homologous phospholipid-binding 
membrane proteins, of which ten represent distinct gene products expressed in 
mammals (Benz and Hofinann, 1997). Crystallographic analysis has revealed a 
common tertiary structure for all the family members so far studied, exemplified by 
annexin V (Huber et al., EMBO Journal 9:3867 (1990), incorporated herein by 
30 reference). The core domain is a concave discoid structure that can be closely 
apposed to phospholipid membranes. It contains four subdomains, each consisting of 
a 70-amino-acid annexin repeat made up of five a-helices. The annexins also have a 
more hydrophilic tail domain that varies in length and amino acid sequence among the 
9 
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different annexins. The sequences of genes encoding annexins are well known (e.g., 
Funakoshi et al.. Biochemistry 26:8087-8092 (1987) (annexin V), incorporated herein 
by reference). 

5 In the present invention, annexin proteins are modified to increase their half- 

life in humans or other mammals. In a preferred embodiment, the annexin protein is 
annexin V, One suitable modification of annexin is an increase in its effective size, 
which prevents loss from the vascular compartment into the extravascular 
compartment and urine, thereby prolonging antithrombotic activity following a single 
10 injection. Any increase in effective size that maintains a sufficient binding affinity 
with phosphatidylserine is within the scope of the present invention. 

In one embodiment of the invention, a modified annexin contains a 
recombinant human annexin protein coupled to polyethylene glycol (PEG) in such a 
IS way that the modified annexin is capable of performing the frinction of annexin in a 
phosphatidylserine (PS)-binding assay. The antithrombotic action of the 
intravenously administered annexin-PEG conjugate is prolonged as compared with 
that of the free annexin. The recombinant annexin protein coupled to PEG can be 
annexin V protein or another annexin protein. 

20 

PEG consists of repeating units of ethylene oxide that terminate in hydroxyl 
groups on either end of a linear or, in some cases, branched chain. The size and 
molecular weight of the coupled PEG chain depend upon the number of ethylene 
oxide units it contains, which can be selected. For the present invention, any size of 

25 PEG and number of PEG chains per annexin molecule can be used such that the half- 
life of the modified annexin is increased, relative to annexin, while preserving the 
function of binding of the modified molecule to PS. As stated above, sufficient 
binding includes binding that is. diminished from that of the unmodified annexin, but 
still competitive with the binding of Gas6 and factors of the prothrornbinase complex 

30 and therefore able to prevent thrombosis. The optimal molecular weight of the 
conjugated PEG varies with the number of PEG chains. In a most preferred 
embodiment, two PEG molecules of molecular weight of at least about 15 kDa each 
are coupled to each annexin molecule. The PEG molecules can be linear or branched. 
10 
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The calcium-dependent binding of annexins to PS is affected not only by the size of 
the coupled PEG molecules, but also the sites on the protein to which PEG is bound. 
Optimal selection ensures that desirable properties are retained. Selection of PEG 
attachment sites is facilitated by knowledge of the three-dimensional strucmre of the 
5 molecule and by mutational and crystallographic analyses of the interaction of the 
molecule with phospholipid membranes (Campos et al., Biochemistry 37:8004-8008 
(1998), incorporated herein by reference). 

In the area of drug delivery, PEG derivatives have been widely used in 
10 covalent attachment (referred to as pegylation) to proteins to enhance solubility, as 
well as to reduce inununogenicity, proteolysis, and kidney clearance. The superior 
. clinical efficacy of recombinant products coupled to PEG is well established. For 
example, PEG-interferon alpha-2a administered once weekly is significantly more 
effective against hepatitis C virus than three weekly doses of the free interferon 
15 (Heathcote et al., N. Enel. J. Med. 343:1673-1680 (2000), incorporated herein by 
reference). Coupling to PEG has been used to prolong the half-Hfe of recombinant 
proteins in vivo (BCnauf et al., J. Biol. Chcm. 266:2796-2804 (1988), incoiporated 
herein by reference), as well as to prevent the enzymatic degradation of recombinant 
proteins and to decrease the iiranunogenicity sometimes observed with homologous 
20 products (references in Hermanson, Bioconjugate techniques. New York, Academic 
Press (1996), pp. 173-176, incorporated herein by reference). 

In another embodiment of the invention, the modified annexin protein is a 
polymer of annexin proteins that has an increased effective size. It is believed that the 

25 increase in effective size results in prolonged half-life in the vascular compartment 
and prolonged antithrombotic activity. One such modified annexin is a dimer of 
annexin V. Another such polymer is the heterotetramer of annexin II with pll, a 
member of the SI 00 femily of calcium-binding proteins. The binding of an SI 00 
protein to an armexin increases the affinity bf the armexin for Ca^^. The annexin 

30 homopolymer or heterotetramer can be produced by bipconjugate methods or 
recombinant methods, and be administered by itself or in a PEG-conjugated form. 



11 
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In another embodiment of the invention, recombinant aimexin is expressed 
with, or chemically coupled to, another protein such as the Fc portion of 
immunoglobulin. Such expression or coupling increases the effective size of the 
molecule, preventing the loss of annexin from the vascular compartment and 
5 prolonging its anticoagulant action. 

Preferably, a modified annexin protein of the invention is an isolated modified 
annexin protein. The modified annexin protein can contain annexin II, annexin V, or 
armexin VIII. In preferred embodiments, the protein is modified human annexin. In 

10 particularly preferred embodiments, the modified armexin contains recombinant 
human annexin. According to the present invention, an isolated or biologically pure 
protein is a protein that has been removed firom its natural environment. As such, 
"isolated" and "biologically pure" do not necessarily reflect the extent to which the 
protein has been purified. An isolated modified annexin protein of the present 

15 invention can be obtained from its natural source, can be produced using recombinant 
DNA technology, or can be produced by chemical synthesis. As used herein, an 
isolated modified annexin protein can be a full-length modified protein or any 
homologue of such a protein. It can also be (e.g., for a pegylated protein) a modified 
full-length protein or a modified homologue of such a protein. 

20 

The minimal size of a protein homologue of the present invention is a size 
sufficient to be encoded by a nucleic acid molecule capable of forming a stable hybrid 
with the complementary sequence of a nucleic acid molecule encoding the 
corresponding natural protein. As such, the size of the nucleic acid molecule 

25 encoding such a protein homologue is dependent on nucleic acid composition and 
percent homology between the nucleic acid molecule and complementary sequence as 
well as upon hybridization conditions per se (e.g., temperature, salt concentration, and 
formamide concentration). The minimal size of such nucleic acid molecules is 
typically at least about 12 to about 15 nucleotides in length if the nucleic acid 

30 molecules are GC-rich and at least about 15 to about 17 bases in length if they are 
AT-rich. As such, the minimal size of a nucleic acid molecule used to encode a 
protein homologue of the present invention is firom about 12 to about 18 nucleotides 
in length. There is no limit on the maximal size of such a nucleic acid molecule in 
12 
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that the nucleic acid molecule can include a portion of a gene, an entire gene, or 
multiple genes or portions thereof. Similarly, the minimal size of an annexin protein 
homologue or a modified annexin protein homologue of the present invention is from 
about 4 to about 6 amino acids in length, with preferred sizes depending on whether a 
5 fiill-length, multivalent (i.e., fusion protein having more than one domain, each of 
which has a function) protein, or functional portions of such proteins are desired. 
Aimexin and modified annexin homologues of the present invention preferably have 
activity corresponding to the natural protein, such as being able to perform the activity 
of the annexin protein in preventing thrombus formation. 

10 

Annexin protein and modified annexin homologues can be the result of natural 
allelic variation or natural mutation. The protein homologues of the present invention 
can also be produced using techniques known in the art, including, but not limited to, 
direct modifications to the protein or modifications to the gene encoding the protein 
15 using, for example, classic or recombinant DNA techniques to effect random or 
targeted mutagenesis. 

Also preferred is a modified annexin protein containing an amino acid 
sequence that is at least about 75%, more preferably at least about 80%, more 

20 preferably at least about 85%, more preferably at least about 90%, more preferably at 
least about 95%, and most preferably at least about 98% identical to amino acid 
sequence SEQ ID NO:3, SEQ ID N0;6, or a protein encoded by an allelic variant of a 
nucleic acid molecule encoding a protein containing any of these sequences. Methods 
to determine percent identities between amino acid sequences and between nucleic 

25 acid sequences are known to those skilled in the art. Preferred methods to determine 
percent identities between sequences include computer programs such as the GCG® 
Wisconsin package™ (available from Accelrys Corporation), the DNAsis™ program 
(available from Hitachi Software, San Bruno, CA), the Vector NTI Suite (available 
fiom Informax, Inc., North Bethesda, MD), or the BLAST software available on the 

30 NCBI website. 

In one embodiment, a preferred modified annexin protein includes an amino 
acid sequence of at least about 5 amino acids, preferably at least about 50 amino 
13 
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acids, more preferably at least about 100 amino acids, more preferably at least about 
200 amino acids, more preferably at least about 250 amino acids, more preferably at 
least about 275 amino acids, more preferably at least about 300 amino acids, and most 
preferably at least about 319 amino acids or the full-length annexin protein, 
5 whichever is shorter. In another embodiment, preferred annexin proteins contain full- 
length proteins, i.e., proteins encoded by full-length coding regions, or post- 
translationally modified proteins thereof, such as mature proteins from which 
initiating methionine and/or signal sequences or "pro" sequences have been removed. 

10 A fragment of a modified annexin protein of the present invention preferably 

contains at least about 5 amino acids, more preferably at least about 10 amino acids, 
more preferably at least about 15 amino acids, more preferably at least about 20 
amino acids, more preferably at least about 25 amino acids, more preferably at least 
about 30 amino acids, more preferably at least about 35 amino acids, more preferably 

15 at least about 40 amino acids, more preferably at least about 45 amino acids, more 
preferably at least about 50 amino acids, more preferably at least about 55 amino 
acids, more preferably at least about 60 amino acids, more preferably at least about 65 
amino acids, more preferably at least about 70 amino acids, more preferably at least 
about 75 amino acids, more preferably at least about 80 amino acids, more preferably 

20 at least about 85 amino acids, more preferably at least about 90 amino acids, more 
preferably at least about 95 amino acids, and even more preferably at least about 100 
. amino acids in length. 

In one embodiment, a preferred isolated modified annexin protein of the 
25 present invention is a modified protein encoded by a nucleic acid molecule having the 
nucleic acid sequence SEQ ID N0:4 or by an allelic variant of a nucleic acid 
molecule having this sequence. Alternatively, the modified annexin protein contains 
a protein encoded by a nucleic acid molecule having the nucleic acid sequence SEQ 
ID NO : 1 or by an allelic variant of a nucleic acid molecule having this sequence. 

30 

One embodiment of the present invention includes a non-native modified 
annexin protein encoded by a nucleic acid molecule that hybridizes under stringent 
hybridization conditions with an aimexin gene. As used herein, stringent 
14 



wo 02/067857 



PCT/US02/05O79 



hybridization conditions refer to standard hybridization conditions under which 
nucleic acid molecules, including oligonucleotides, are used to identify molecules 
having similar nucleic acid sequences. Such standard conditions are disclosed, for 
• example, in SambrooJc et al., Molecular Cloning: A Laboratory Manual. Cold Spring 
5 Harbor Labs Press (1989), incorporated herein by reference. Stringent hybridization 
conditions typically permit isolation of nucleic acid molecules having at least about 
70% nucleic acid sequence identity with the nucleic acid molecule being used to 
probe in the hybridization reaction. Formulae to calculate the appropriate 
hybridization and wash conditions to achieve hybridization permitting 30% or less 

10 mismatch of nucleotides are disclosed, for example, in Meinkoth et al., Anal. 
Biochem. 138:267-284 (1984), incorporated herein by reference. In preferred 
embodiments, hybridization conditions will permit isolation of nucleic acid molecules 
having at least about 80% nucleic acid sequence identity with the nucleic acid 
molecule being used to probe. In more preferred embodiments, hybridization 

IS conditions will permit isolation of nucleic acid molecules having at least about 90% 
nucleic acid sequence identity with the nucleic acid molecule being used to probe. In 
more preferred embodiments, hybridization conditions will permit isolation of nucleic 
acid molecules having at least about 95% nucleic acid sequence identity with the 
nucleic acid molecule being used to probe. 

20 

A preferred modified annexin protein includes a protein encoded by a nucleic 
acid molecule that is at least about 50 nucleotides and that hybridizes under 
conditions that preferably allow about 20% base pair mismatch, more preferably 
under conditions that allow about 15% base pair mismatch, more preferably under 
25 conditions that allow about 10% base pair mismatch, more preferably under 
conditions that allow about 5% base pair mismatch, and even more preferably under 
conditions that allow about 2% base pair mismatch with a nucleic acid molecule 
selected from the group consisting of SEQ ID N0:1, SEQ ID NO:4, or a complement 
of either of these nucleic acid molecules. 

30 

As used herein, an annexin gene includes all nucleic acid sequences related to 
a natural annexin gene such as regulatory regions that control production of the 
annexin protein encoded by that gene (such as, but not limited to, transcription, 
15 
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translation or post-translation control regions) as well as the coding region itself, in 
one embodiment, an annexin gene includes the nucleic acid sequence SEQ ID N0:1. 
It should be noted that since nucleic acid sequencing technology is not entirely error- 
free, SEQ ID N0:1 (as well as other sequences presented herein), at best, represents 
5 an apparent nucleic acid sequence of the nucleic acid molecule encoding an annexin 
protein of the present invention. 

In another embodiment, an annexin gene can be an allelic variant that includes 
a similar but not identical sequence to SEQ ID N0:1. An allelic variant of an annexin 

10 gene including SEQ ID N0:1 is a gene that occurs at essentially the same locus (or 
loci) in the genome as the gene including SEQ ID N0:1, but which, due to natural 
variations caused by, for example, mutation or recombination, has a similar but not 
identical sequence. Allelic variants typically encode proteins having similar activity 
to that of the protein encoded by the gene to which they are being compared. Allelic 

15 variants can also comprise alterations in the 5' or 3' untranslated regions of the gene 
(e.g., in regulatory control regions). Allelic variants are well known to those skilled 
in the art and would be expected to be found within a given human since the genome 
is diploid and/or among a population comprising two or more humans. 

20 An isolated modified annexin protein of the present invention can be obtained 

from its natural source, can be produced using recombinant DNA technology, or can 
be produced by chemical synthesis. As used herein, an isolated modified annexin 
protein can contain a full-length protein or any homologue of such a protein. 
Examples of annexin and modified annexin homologues include annexin and 

25 modified annexin proteins in which amino acids have been deleted (e.g., a truncated 
version of the protein, such as a peptide or by a protein splicing reaction when an 
intein has been removed or two exteins are joined), inserted, inverted, substituted 
and/or derivatized (e.g., by glycosylation, phosphorylation, acetylation, methylation, 
myristylation, prenylation, palmitoylation, amidation and/or addition of 

30 glycerophosphatidyl inositol) such that the homologue includes at least one epitope 
capable of eliciting an immune response against an annexin protein. That is, when the 
homologue is administered to an animal as an immiraogen, using techniques known to 
those skilled in the art, the animal will produce a humoral and/or cellular immune 
16 
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response against at least one epitope of an annexin protein. Araiexin and modified 
annexin homologues can also be selected by their ability to selectively bind to 
immune serum. Methods to measure such activities are disclosed herein. Annexin 
and modified annexin homologues also include those proteins that are capable of 
5 performing the function of native annexin in a functional assay; that is, are capable of 
binding to phosphatidylserine or to activated platelets or exhibiting antithrombotic 
activity. Methods for such assays are described in the Examples section and 
elsewhere herein. 

10 A modified annexin protein of the present invention may be identified by its 

ability to perform the function of an annexin protein in a functional assay. The phrase 
"capable of performing the function of that protein in a functional assay" means that 
the protein or modified protein has at least about 10% of the activity of the natural 
protein in the functional assay. .In other preferred embodiments, it has at least about 

15 20% of the activity of the natural protein in the functional assay. In other preferred 
embodiments, it has at least about 30% of the activity of the natural protein in the 
fimctional assay. In other preferred embodiments, it has at least about 40% of the 
activity of the natural protein in the functional assay. In other preferred embodiments, 
it has at least about 50% of the activity of the natural protein in the functional assay. 

20 In other preferred embodiments, the protein or modified protein has at least about 
60% of the activity of the natural protein in the fiinctional assay. In more preferred 
embodiments, the protein or modified protein has at least about 70% of the activity of 
the natural protein in the functional assay. In more preferred embodiments, the 
protein or modified protein has at least about 80% of the activity of the natural protein 

25 in the functional assay. In more preferred embodiments, the protein or modified 
protein has at least about 90% of the activity of the natural protein in the functional 
assay. Examples offunctional assays are described herein. 

An isolated protein of the present invention can be produced in a variety of 
30 ways, including recovering such a protein from a bacterium aind producing such a 
protein recombinantly. One embodiment of the present invention is a method to 
produce an isolated modified annexin protein of the present invention using 
recombinant DNA technology. Such a method includes the steps of (a) culturing a 
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recombinant cell containing a nucleic acid molecule encoding a modified annex in 
protein of the present invention to produce the protein and (b) recovering the protein 
therefrom. Details on producing recombinant cells and culturing thereof are presented 
below. The phrase "recovering the protein" refers simply to collecting the whole 
5 fermentation medium containing the protein and need not imply additional steps of 
separation or purification. Proteins of the present invention can be purified using a 
variety of standard protein purification techniques. 

Isolated proteins of the present invention are preferably retrieved in 
10 "substantially pure" form. As used herein, "substantially pure" refers to a purity that 
allows for the effective use of the protein in a functional assay. 

Modified Annexin Nucleic Acid Molecules or Genes 

Another embodiment of the present invention is an isolated nucleic acid 

15 molecule capable of hybridizing under stringent conditions with a gene encoding a 
modified annexin protein such as a homodimer of annexin V. Such a nucleic acid 
molecule is also referred to herein as a modified annexin nucleic acid molecule. 
Particularly preferred is an isolated nucleic acid molecule that hybridizes under 
stringent conditions with a modified annexin gene. The characteristics of such genes 

20 are disclosed herein. In accordance with the present invention, an isolated nucleic 
acid molecule is a nucleic acid molecule that has been removed from its natural milieu 
(i.e., that has been subject to human manipulation). As such, "isolated" does not 
reflect the extent to which the nucleic acid molecule has been purified, An isolated 
nucleic acid molecule can include DNA, RNA, or derivatives of either DNA or RNA. 

25 

As stated above, a modified annexin gene includes all nucleic acid sequences 
related to a natural annexin gene, such as regulatory regions that control production of 
an annexin protein encoded by that gene (such as, but not limited to, trainscriptional, 
translational, or post-translational control regions) as well as the coding region itself. 
30 A nucleic acid molecule of the present invention can be an isolated modified annexin 
nucleic acid molecule or a homologue thereof. A nucleic acid molecule of the present 
invention can include one or more regulatory regions, fiill-length or partial coding 
regions, or combinations thereof. The minimal size of a modified annexin nucleic 
18 
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acid molecule of the present invention is the minimal size capable of forming a stable 
hybrid under stringent hybridization conditions with a corresponding natural gene. 
Annexin nucleic acid molecules can also include a nucleic acid molecule encoding a 
hybrid protein, a fusion protein, a multivalent protein or a truncation fragment. 

5 

An isolated nucleic acid molecule of the present invention can be obtained 
from its natural source either as an entire (i.e., complete) gene or a portion thereof 
capable of forming a stable hybrid with that gene. As used herein, the phrase "at least 
a portion of an entity refers to an amount of the entity that is at least sufficient to 
10 have the functional aspects of that entity. For example, at least a portion of a nucleic 
acid sequence, as used herein, is an amount of a nucleic acid sequence capahlt of 
forming a stable hybrid with the corresponding gene under stringent hybridization 
conditions, 

15 An isolated nucleic acid molecule of the present invention can also be 

produced using recombinant DNA technology (e.g., polymerase chain reaction (PGR) 
amplification, cloning, etc.) or chemical synthesis. Isolated modified annexin nucleic 
acid molecules include natural nucleic acid molecules and homologues thereof, 
including, but not limited to, natural allelic variants and modified nucleic acid 

20 molecules in which nucleotides have been inserted, deleted, substituted, and/or 
inverted in such a manner that such modifications do not substantially interfere with 
the ability of the nucleic acid molecule to encode a modified annexin protein of the 
present invention or to form stable hybrids under stringent conditions with natural 
nucleic acid molecule isolates. 

25 ' 

A modified annexin nucleic acid molecule homologue can be produced using 
a number of methods known to those skilled in the art (see, e.g., Sambrook et al, 
1989). For example, nucleic acid molecules can be modified using a variety of 
techniques including, but not limited to, classic mutagenesis techniques and 
30 recombinant DNA techniques, such as site-directed mutagenesis, chemical treatment 
of a nucleic acid molecule to induce mutations, restriction enzyme cleavage of a 
nucleic acid fragment, ligation of nucleic acid fragments, polymerase chain reaction 
(PGR) amplification aad/m mutagenesis of selected regions of a nucleic acid 
19 , 
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sequence, synthesis of oligonucleotide mixtures, and ligation of mixture groups to 
"build" a mixture of nucleic acid molecules and combinations thereof. Nucleic acid 
molecule homologues can be selected from a mixture of modified nucleic acids by 
screening for the function of the protein encoded by the nucleic acid (e.g., the ability 
5 of a homologue to elicit an immune response against an annexin protein and/or to 
function in a clotting assay, or other fimctional assay), and/or by hybridization with 
isolated annexin-encoding nucleic acids under stringent conditions. 

An isolated modified annexin nucleic acid molecule of the present invention 
10 can include a nucleic acid sequence that encodes at least one modified annexin protein 
of the present invention, examples of such proteins being disclosed herein. Although 
the phrase "nucleic acid molecule" primarily refers to the physical nucleic acid 
molecule and the phrase "nucleic acid sequence" primarily refers to the sequence of 
nucleotides on the nucleic acid molecule, the two phrases can be used 
15 interchangeably, especially with respect to a nucleic acid molecule, or a nucleic acid 
sequence, being capable of encoding a modified annexin protein. 

One embodiment of the present invention is a modified annexin nucleic acid 
molecule that is capable of hybridizing under stringent conditions to a nucleic acid 

20 strand that encodes at least a portion of a modified annexin protein or a homologue 
thereof or to the complement of such a nucleic acid strand. A nucleic acid sequence 
complement of any nucleic acid sequence of the present invention refers to the nucleic 
acid sequence of the nucleic acid strand that is complementary to (i.e., can form a 
complete double helix with) the strand for which the sequence is cited. It is to be 

25 noted that a double-stranded nucleic acid molecule of the present invention for which 
a nucleic acid sequence has been determined for one strand, that is represented by a 
SEQ ID NO, also comprises a complementary strand having a sequence that is a 
complement of that SEQ ED NO. As such, nucleic acid molecules of the present 
invention, which can be either double-stranded or single-stranded, include those 

30 nucleic acid molecules that form stable hybrids under stringent hybridization 
conditions with either a given SEQ ID NO denoted herein and/or with the 
complement of that SEQ ID NO, which may or may not be denoted herein. Methods 
to deduce a complementary sequence are known to those skilled in the art. Preferred 
20 
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is a modified annexin nucleic acid molecule that includes a nucleic acid sequence 
having at least about 65 percent, preferably at least about 70 percent, more preferably 
at least about 75 percent, more preferably at least about 80 percent, more preferably at 
least about 85 percent, more preferably at least about 90 percent and even more 
is preferably at least about 95 percent homology with the corresponding region(s) of the 
nucleic acid sequence encoding at least a portion of a modified annexin protein. 
Particularly preferred is a modified annexin nucleic acid molecule capable of 
encoding a homodimer of an annexin protein or honiologue thereof. 

10 Preferred annexin nucleic acid molecules include SEQ K) N0:4 and an allelic 

variants of SEQ ID N0:4. 

Knowing a nucleic acid molecule of a modified annexin protein of the present 
invention allows one skilled in the art to make copies of that nucleic acid molecule as 

15 well as to obtain a nucleic acid molecule including additional portions of annexin 
protein-encoding genes (e.g., nucleic acid molecules that include the translation start 
site and/or transcription and/or translation control regions), and/or annexin nucleic 
acid molecule homologues. Knowing a portion of an amino acid sequence of an 
annexin protein of the present invention allows one skilled in the art to clone nucleic 

20 acid sequences encoding such an annexin protein. In addition, a desired modified 
annexin nucleic acid molecule can be obtained in a variety of ways including 
screening appropriate expression libraries with antibodies that bind to armexin 
proteins of the present invention; traditional cloning techniques using oligonucleotide 
probes of the present invention to screen appropriate libraries or DNA; and PGR 

25 amplification of appropriate libraries, or RNA or DNA using oligonucleotide primers 
of the present invention (genomic and/or cDNA libraries can be used). 

The present invention also includes nucleic acid molecules that are 
oligonucleotides capable of hybridizing, under stringent conditions, with 
30 complementary regions of other, preferably longer, nucleic acid molecules of the 
present invention that encode at least a portion of a modified annexin protein. 
Oligonucleotides of the present invention can be RNA, DNA, or derivatives of either. 
The minimal size of such oligonucleotides is the size required to form a stable hybrid 
21 



wo 02/067857 



PCT/US02/05079 



between a given oligonucleotide and the complementary sequence on another nucleic 
acid molecule of the present invention. Minimal size characteristics are disclosed 
herein. The size of the oligonucleotide must also be sufficient for the use of the 
oligonucleotide in accordance with the present invention. Oligonucleotides of the 
5 present invention can be used in a variety of applications including, but not limited to, 
as probes to identify additional nucleic acid molecules, as primers to amplify or 
extend nucleic acid molecules or in therapeutic applications to modulate modified 
annexin production. Such therapeutic applications include the use of such 
oligonucleotides in, for example, antisense-, triplex formation-, ribozyihe- and/or 
10 RNA drug-based technologies. The present invention, therefore, includes such 
oligonucleotides and methods to modulate the production of modified annexin 
proteins by use of one or more of such technologies. 

Natural. Wild-Type B acterial Cells and Recombinant Molecules and Cells 
15 The present invention also includes a recombinant vector, vifhich includes a 

modified annexin nucleic acid molecule of the present invention inserted into any 
vector capable of delivering the nucleic acid molecule into a host cell. Such a vector 
contains heterologous nucleic acid sequences, that is, nucleic acid sequences that are 
not naturally found adjacent to modified annexin nucleic acid molecules of the present 
20 invention. The vector can be either RNA or DNA, either prokaryotic or eukaryotic, 
and typically is a virus or a plasmid. Recombinant vectors can be used in the cloning, 
sequencing, and/or otherwise manipulating of modified annexin nucleic acid 
molecules of the present invenrion. One type of recombinant vector, herein referred 
to as a recombinant molecule and described in more detail below, can be used in the 
25 expression of nucleic acid molecules of the present invention. Preferred recombinant 
vectors are capable of replicating in the transformed cell. Preferred nucleic acid 
molecules to include in recombinant vectors of the present invention are disclosed 
herein. 

30 As heretofore disclosed, one embodiment of the present invention is a method 

to produce a modified annexin protein of the present invention by culturing a cell 
capable of expressing the protein under conditions effective to produce the protein, 
and recovering the protein. In an alternative embodiment, the method includes 
22 
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producing an annexin protein by culturing a cell capable of expressing the protein 
under conditions effective to produce the annexin protein, recovering the protein, and 
modifying the protein by coupling it to an agent that increases its effective size. 

5 In a preferred embodiment, the cell to culture is a natural bacterial cell, and 

modified annexin. is isolated from these cells. In another embodiment, a preferred cell 
to culture is a recombinant cell that is capable of expressing the modified annexin 
protein, the recombinant cell being produced by transforming a host cell with one or 
more nucleic acid molecules of the present invention. Transformation of a nucleic 

10 acid molecule into a cell can be accomphshed by any method by which a nucleic acid 
molecule can be inserted into the cell. Transformation techniques include, but are not 
limited to, transfection, electroporation, microinjection, lipofection, adsorption, and 
protoplast fusion. A recombinant cell may remain unicellular or may grow into a 
tissue, organ or a multicellular organism. Transformed nucleic acid molecules of the 

15 present invention can remain extrachromosomal or can integrate into one or more 
sites within a chromosome of the transformed (i.e., recombinant) cell in such a 
manner that their ability to be expressed is retained. Preferred nucleic acid molecules 
with which to transform a host cell are disclosed herein. 

20 Suitable host cells to transform include any cell that can be transformed and 

that can express the introduced modified annexin protein. Such cells are, therefore, 
capable of producing modified annexin proteins of the present invention after being 
transformed with at least one nucleic acid molecule of the present invention. Host 
cells can be either untransformed cells or cells that are already transformed with at 

25 least one nucleic acid molecule. Suitable host cells of the present invention can 
include bacterial, fungal (including yeast), insect, animal, and plant cells. Preferred 
host cells include bacterial cells, with E. coli cells being particularly preferred. 
Alternative preferred host cells are untransformed (wild-type) bacterial cells 
producing cognate modified annexin proteins, including atteriuated strains with 

30 reduced pathogenicity, as appropriate. 

A recombinant cell is preferably produced by transforming a host cell with one 
or more recombinant molecules, each comprising one or more nucleic acid molecules 
23 
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of the present invention operatively linked to an expression vector containing one or 
more transcription control sequences. The phrase "operatively linked" refers to 
insertion of a nucleic acid molecule into an expression vector in a manner such that 
the molecule is able to be expressed when transformed into a host cell. As used 
5 herein, an expression vector is a DNA or RNA vector that is capable of transforming a 
host cell and of effecting expression of a specified nucleic acid molecule. Preferably, 
the expression vector is also capable of replicating wfithin the host cell. Expression 
vectors can be either prokaryotic or eukaryotic, and are typically viruses or plasmids. 
Expression vectors of the present invention include any vectors that fimction (i.e., 

10 direct gene expression) in recombinant cells of the present invention, including in 
bacterial, fungal, insect, animal, and/or plant cells. As such, nucleic acid molecules of 
the present invention can be operatively linked to expression vectors containing 
regulatory sequences such as promoters, operators, repressors, enhancers, termination 
sequences, origins of replication, and other regulatory sequences that are compatible 

15 with the recombinant cell and that control the expression of nucleic acid molecules of 
the present invention. As used herein, a transcription control sequence includes a 
sequence that is capable of controlling the initiation, elongation, and termination of 
transcription. Particularly important transcription control sequences are those that 
control transcription initiation, such as promoter, enhancer, operator and repressor 

20 sequences. Suitable transcription control sequences include any transcription control 
sequence that can function in at least one of the recombinant cells of the present 
invention. A variety of such transcription control sequences are known to the art. 
Preferred transcription control sequences include those which function In bacterial, 
yeast, insect and mammalian cells, such as, but not limited to, tac, lac, tzp, trc, oxy- 

25 pro, omp/lpp, rmB, bacteriophage lambda (K) (such as A,pL and Xpn and fusions that 
include such promoters), bacteriophage T7, T71ac, bacteriophage T3, bacteriophage 
SP6, bacteriophage SPQl, metallothionein, alpha mating factor, Pichia alcohol 
oxidase, alphavirus subgenomic promoters (such as Sindbis virus subgenomic 
promoters), baculovirus, Heliothis zea insect virus, vaccinia virus, herpesvirus, 

30 poxvirus, adenovirus, simian virus 40, retrovirus actin, retroviral long terminal repeat, 
Rous sarcoma virus, heat shock, phosphate and nitrate transcription control sequences 
as well as other sequences capable of controlling gene expression in prokaryotic or 
eukaryotic cells. Additional suitable transcription control sequences include tissue- 
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Specific promoters and enhancers as well as lymphokine-inducible promoters (e.g., 
promoters inducible by interferons or interleukins). Transcription control sequences 
of the present invention can also include naturally occurring transcription control 
sequences naturally associated with a DNA sequence encoding an annexin protein. A 
5 preferred transcription control sequence is the Kozak strong promoter and initiation 
sequence. 

Expression vectors of the present invention may also contain secretory signals 
(i.e., signal segment nucleic acid sequences) to enable an expressed annexin protein to 

10 be secreted from the cell that produces the protein. Suitable signal segments include 
an annexin protein signal segment or any heterologous signal segmerit capable of 
directing the secretion of an annexin protein, including fusion proteins, of the present 
invention. Preferred signal segments include, but are not limited to, tissue 
plasminogen activator (t-PA), interferon, interleukin, growth hormone, 

1 5 histocompatibility and viral envelope glycoprotein signal segments. 

Expression vectors of the present invention may also contain fusion sequences 
which lead to the expression of inserted nucleic acid molecules of the present 
invention as fusion proteins. Inclusion of a fusion sequence as part of a modified 

20 annexin nucleic acid molecule of the present invention can enhance the stability 
during production, storage and/or use of the protein encoded by the nucleic acid 
molecule. Furthermore, a fusion segment can fiinction as a tool to simplify 
purification of a modified annexin protein, such as to enable purification of the 
resultant fusion protein using affinity chromatography. A preferred fusion segment 

25 that can be used for protein purification is the 8 -amino acid peptide sequence asp-tyr- 
lys-asp-asp-asp-asp-lys (SEQ DD N0:9). 

A suitable fusion segment can be a domain of any size that has the desired 
function (e.g., increased stability and/or purification tool). It is within the scope of the 
30 present invention to use one or more fusion segments. Fusion segments can be joined 
to amino and/or carboxyl termini of an annexin protein. Another type of preferred 
fiision protein is a fusion protein wherein the fusion segment coruiects two or more 
annexin proteins or modified annexin proteins. Linkages between flision segments 
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and annexin proteins can be constructed to be susceptible to cleavage to enable 
straightforward recovery of the annexin or modified annexin proteins. Fusion 
proteins are preferably produced by culturing a recombinant cell transformed with a 
fusion nucleic acid sequence that encodes a protein including the fusion segment 
5 attached to either the carboxyl and/or amino terminal end of an annexin protein. 

A recombinant molecule of the present invention is a molecule that can 
include at least one of any nucleic acid molecule heretofore described operatively 
linked to at least one of any transcription control sequence capable of effectively 

10 regulating expression of the nucleic acid molecules in the cell to be transformed. A 
preferred recombinant molecule includes one or more nucleic acid molecules of the 
present invention, with those that encode one or more modified annexin proteins 
being particularly preferred. Preferred recombinant molecules of the present 
invention and tiieir production are described in the Examples section. Similarly, a 

15 preferred recombinant cell includes one or more nucleic acid molecules of the present 
invention, with those that encode one or more modified annexin proteins. Preferred 
recombinant cells of the present invention include those disclosed in the Examples 
section. 

20 It may be appreciated by one skilled in the art that use of recombinant DNA 

technologies can improve expression of transformed nucleic acid molecules by 
manipulating, for example, the number of copies of the nucleic acid molecules within 
a host cell, the efficiency with which those nucleic acid molecules are transcribed, the 
efficiency with which the resultant transcripts are translated, and the efficiency of 

25 post-trans lational modifications. Recombinant techniques useful for increasing the 
expression of nucleic acid molecules of the present invention include, but are not 
limited to, operatively linking nucleic acid molecules to high-copy number piasmids, 
integration of the nucleic acid molecules into one or more host cell chromosomes, 
addition of vector stabiUty sequences to piasmids, substitutions or modifications of 

30 transcription control signals (e.g., promoters, operators, enhancers), substitutions or 
modifications of translational control signals (e.g., ribosome binding sites, Shine- 
Dalgamo sequences), modification of nucleic acid molecules of the present invention 
to correspond to the codon usage of the host cell, deletion of sequences that 
26 
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destabilize transcripts, and use of control signals that temporally separate recombinant 
cell growth from recombinant protein production during fermentation. The activity of 
an expressed recombinant protein of the present invention may be improved by 
fragmenting, modifying, or derivatizing the resultant protein. 

5 

In accordance with the present invention, recombinant cells can be used to 
produce annexin or modified annexin proteins of the present invention by culturing 
such cells under conditions effective to produce such a protein, and recovering the 
protein. Effective conditions to produce a protein include, but are not limited to, 

10 appropriate media, bioreactor, temperature, pH and oxygen conditions that permit 
protein production. An appropriate, or effective, medium refers to any medium in 
which a cell of the present invention, when cultured, is capable of producing an 
aimexin or modified annexin protein. Such a medium is typically an aqueous medium 
comprising assimilable carbohydrate, nitrogen and phosphate sources, as well as 

15 appropriate salts, minerals, metals and other nutrients, such as vitamins. The medium 
ihay comprise complex, nutrients or may be a defined minimal medium. 

Cells of the present invention can be cultured in conventional fermentation 
bioreactors, which include, but are not limited to, batch, fed-batch, cell recycle, and 
20 continuous fermentors. Culturing can also be conducted in shake flasks, test tubes, 
microtiter dishes, and petri plates. Culturing is carried out at a temperature, pH and 
oxygen content appropriate for the recombinant cell. Such culturing conditions are 
well within the expertise of one of ordinary skill in the art. 

25 Depending on the vector and host system used for production, resultant 

modified annexin proteins may either remain within the recombinant cell; be secreted 
into the fermentation medium; be secreted into a space between two cellular 
membranes, such as the periplasmic space in E. coli; or be retained on the outer 
surface of a cell or viral membrane. Methods to purify such proteins are disclosed in 

30 the Examples section. 



27 



wo 02/067857 



PCT/US02/05079 



Antibodies 

The present invention also includes isolated anti-modified annexin antibodies 
and their use. An anti-modified annexin antibody is an antibody capable of 
selectively binding to a modified annexin protein. Isolated antibodies are antibodies 
5 that have been removed from their natural milieu. The term "isolated" does not refer 
to the state of purity of such antibodies. As such, isolated antibodies can include anti- 
sera containing such antibodies, or antibodies that have been purified to varying 
degrees. As used herein, the term "selectively binds to" refers to the ability of such 
antibodies to preferentially bind to the protein against which the antibody was raised 

10 (i.e., to be able to distinguish that protein from unrelated components in a mixture). 
Binding affmities, commonly expressed as equilibrium association constants, 
typically range from about 10^ M"' to about 1 0'^ M'\ Binding can be measured using 
a variety of methods known to those skilled in the art including immunoblot assays, 
immunoprecipitation assays, radioimmunoassays, enzyme immunoassays (e.g., 

15 ELISA), immunofluorescent antibody assays and immunoelectron microscopy; see, 
e.g., Sambrook et al., 1989. 

Antibodies of the present invention can be either polyclonal or monoclonal 
antibodies. Antibodies of the present invention include functional equivalents such as 

20 antibody fragments and genetically-engineered antibodies, including single chain 
antibodies, that are capable of selectively binding to at least one of the epitopes of the 
protein used to obtain the antibodies. Antibodies of the present invention also include 
chimeric antibodies that can bind to more than one epitope. Preferred antibodies are 
raised in response to proteins that are encoded, at least in part, by a modified annexin 

25 nucleic acid molecule of the present invention. 

Anti-modified annexin antibodies of the present invention include antibodies 
raised in an animal administered a modified armexin. Anti-modified annexin 
antibodies of the present invention also include antibodies raised in an animal against 
30 one or more modified annexin proteins of the present invention that are then 
recovered from the cell using techniques known to those skilled in the art. Yet 
additional antibodies of the present invention are produced recombinantly using 
techniques as heretofore disclosed for modified anriexin proteins of the present 
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invention. Antibodies produced against defined proteins can be advantageous 
because such antibodies are not substantially contaminated with antibodies against 
other substances that might otherwise cause interference in a diagnostic assay or side 
effects if used in a therapeutic composition. 

5 

Anti-modified annexin antibodies of the present invention have a variety of 
uses that are within the scope of the present invention. Anti-modified annexin 
antibodies can be used as tools to screen expression libraries and/or to recover desired 
proteins of the present invention from a mixture of proteins and other contaminants. 

10 

A preferred anti-modified aimexin antibody of the present invention can 
selectively bind to a modified annexin protein. 

Therapeutic Methods 

15 Any of the aboverdescribed modified annexin proteins is used in methods of 

the invention to treat arterial or venous thrombosis caused by any medical procedure 
or condition. Generally, the therapeutic agents used in the invention are administered 
to an animal in an effective amount. Generally, an effective amount is an amount 
effective either (1) to reduce the symptoms of the disease sought to be treated or (2) to 

20 induce a pharmacological change relevant to treating the disease sought to be treated. 

For thrombosis, an effective amount includes an amount effective to exert 
prolonged antithrombotic activity without substantially increasing the risk of 
hemorrhage or to increase the life expectancy of the affected animal. As used herein, 

25 prolonged antithrombotic activity refers to the time of activity of the modified 
annexin protein with respect to the time of activity of the same amount (molar) of an 
unmodified annexin protein. Preferably, antithrombotic activity is prolonged by at 
least about a factor of two, more preferably by at least about a factor of five, and most 
preferably by at least about a factor often. Preferably, the effective amount does not 

30 substantially mcrease the risk of hemorrhage compared with the hemorrhage risk of 
the same subject to whom the modified annexin has not been, administered. 
Preferably, the hemorrhage risk is very small and, at most, below that provided by 
alternative antithrombotic treatments available in the prior art. Therapeutically 
29 
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effective amounts of the therapeutic agents can be any amount or dose sufficient to 
bring about the desired antithrombotic effect and depends, in part, on the condition, 
type, and location of the thrombus, the size and condition of the patient, as well as 
other factors known to those sidlled in the art. The dosages can be given as a single 
5 dose, or as several doses, for example, divided over the course of several weeks. 

Administration preferably occurs by bolus injection or by intravenous 
infusion, either after thrombosis to prevent further thrombosis or under conditions in 
which the subject is susceptible to or at risk of thrombosis. 

10 

The ther^eutic agents of the present invention can be administered by any 
suitable means, including, for example, parenteral or local administration, such as 
intravenous or subcutaneous injection, or by aerosol. A therapeutic composition can 
be administered in a variety of unit dosage forms depending upon the method of 

15 administration. Preferred delivery methods for a therapeutic composition of the 
present invention include intravenous administration and local administration by, for 
example, injection. For particular modes of delivery, a therapeutic composition of the 
present invention can be formulated in an excipient of the present invention. A 
therapeutic reagent of the present invention can be administered to any animal, 

20 preferably to mammals, and more preferably to humans. 

One suitable administration time occurs following coronary thrombosis, 
thereby preventing the recurrence of thrombosis without substantially increasing the 
risk of hemorrhage. Bolus injection of the modified annexin is preferably performed 
25 soon after thrombosis, e.g., before admission to hospital. The modified annexin can 
be administered in conjunction with a thrombolytic therapeutic such as tissue 
plasminogen activator, urokinase, or a bacterial enzyme. 

Methods of use of modified annexin proteins of the present invention include 
30 methods to treat cerebral thrombosis, including overt cerebral thrombosis or transient 
cerebral ischemic attacks, by administering an effective amount of modified annexin 
protein to a patient in need thereof. Transient cerebral ischemic attacks fi^quently 
precede full-blovra strokes. The modified annexin can also be administered to 
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diabetic and other patients who are at increased risk for thrombosis in peripheral 
arteries. Accordingly, the present invention provides a method for reducing the risk 
of thrombosis in a patient having an increased risk for thrombosis including 
administering an effective amount of a modified annexin'protein to a patient in need 
5 thereof. For an aduU patient, the modified annexin can be administered intravenously 
or as a bolus in the dosage range of about 1 to about 100 mg. 

The present invention also provides a method for decreasing the risk of venous 
thrombosis associated with some surgical procedures, such as hip and knee 

10 arthroplasties, by administering an effective amount of a modified annexin protein of 
the present invention to a patient in need thereof The modified annexin treatment can 
prevent thrombosis without increasing hemorrhage into the operating field. In another 
embodiment, the present invention provides a method for preventing thrombosis 
associated with pregnancy and parturition without increasing hemorrhage, by 

15 administering an effective amount of a modified annexin protein of the present 
invention to a patient in need thereof. In a further enibodiment, the present invention 
provides a method for the treatment of recurrent venous thrombosis, by administering 
an effective amount of a modified annexin protein of the present invention to a patient 
in need thereof For an adult patient, the modified annexin can be administered 

20 intravenously as a bolus in the dosage range of about 1 to about 1 00 mg. 

The present invention also provides a method of screening for a modified 
annexin protein that modulates thrombosis, by contacting a thrombosis test system 
with at least one test modified annexin protein under conditions permissive for 

25 thrombosis, and comparing the antithrorribotic activity in the presence of the test 
modified annexin protein with the. antithrombotic activity in the absence of the test 
modified annexin protein, wherein a change in the antithrombotic activity in the 
presence of the test modified annexin protein is indicative of a modified annexin 
protein that modulates thrombotic activity. In a preferred embodiment, the 

30 thrombosis test system is a system for measuring activated partial thromboplastin 
time. Also included within the scope of the present invention are modified annexin 
proteins that modulate thrombosis as identified by this method. 
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The present invention also provides a method for identifying a modified 
annexin protein for annexin activity, including contacting activated platelets with at 
least one test modified annexin protein under conditions permissive for binding, and 
comparing the test modified annexin-binding activity and protein S-binding activity of 
5 the platelets in the presence of the test modified annexin protein with the annexin- 
binding activity and protein S-binding activity in the presence of unmodified annexin 
protein, whereby a modified annexin protein with annexin activity may be identified. 
Also included within the scope of the invention are modified annexin proteins 
identified by the method. 

10 

In an additional embodiment, the present invention provides a method of 
screening for a modified annexin protein that modulates thrombosis, by contacting an 
in vivo thrombosis test system with at least one test modified annexin protein under 
conditions permissive for thrombosis, and comparing the antithrombotic activity in 

15 the presence of the test modified annexin protein with the antithrombotic activity in 
the absence of the test modified annexin protein. A change in the antithrombotic 
activity in the presence of the test modified annexin protein is indicative of a modified 
annexin protein that modulates thrombotic activity. Additionally, the time over which 
antithrombotic activity is sustained in the presence of the test modified annexin 

20 protein is compared with a time of antithrombotic activity in the presence of 
unmodified armexin to determine the prolongation of antithrombotic activity 
associated with the test modified annexin protein. The extent of hemorrhage in the 
presence of the test modified annexin protein is assessed, e.g., by measuring tail 
bleeding time, and compared with the extent of hemorrhage in the absence of the test 

25 modified annexin protein. In a preferred embodiment, the in vivo thrombosis test 
system is a mouse model of photochemically-induced thrombus in cremaster muscles. 
Also included within the scope of the present invention are modified aimexin proteins 
that modulate thrombosis as identified by this method. 

30 In a further embodiment, the therapeutic agents of the present invention are 

usefiil for gene therapy. As used herein, the phrase "gene therapy" refers to the 
transfer of genetic material (e.g., DNA or RNA) of interest into a host to treat or 
prevent a genetic or acquired disease or condition. The genetic material of interest 
32 
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encodes a product (e.g., a protein polypeptide, peptide or functional RNA) whose 
production in vivo is desired. For example, the genetic material of interest can encode 
a hormone, receptor, enzyme or (po!y)peptide of therapeutic value. In a specific 
embodiment, the subject invention utilizes a class of lipid molecules for use in non- 
5 viral gene therapy which can complex with nucleic acids as described in Hughes et 
al., U.S. Patent No. 6,169,078, incorporated herein by reference, in which a disulfide 
linker is provided between a polar head group and a lipophilic tail group of a Upid, 

These therapeutic compounds of the present invention effectively complex 
10 with DNA and facilitate the transfer of DNA through a cell membrane into the 
intracellular space of a cell to be transformed with heterologous DNA. Furthermore, 
these lipid molecules facilitate the release of heterologous DNA in the cell cytoplasm 
thereby increasing gene transfection during gene therapy in a human or animal. 



15 Cationic lipid-polyanionic macromolecule aggregates may be formed by a 

variety of methods known in the art. Representative methods are disclosed by Feigner 
et al., Proc. Natl. Acad. Sci. USA 86: 7413-7417 (1987); Eppstein et al, U.S. Patent 
No. 4,897,355; Behr et al., Proc. Natl. Acad. Sci. USA 86:6982-6986 (1989) ; 
Banghara et al, J. Mol. Biol. 23:238-252 (1965); Olson et al, Biochim. Biophvs. 

20 Acta 557:9 (1979); Szoka, et al, Proc. Natl Acad. Sci. 75:4194 (1978); Mayhew et 
al, Biochim. Biophvs. Acta 775:169 (1984); Kim et al, Biochim. Biophvs. Acta 
728:339 (1983); and Fukunaga et al, Endocrinol 115:757 (1984), all incorporated 
herein by reference. In general, aggregates may be formed by preparing lipid 
particles consisting of either (1) a cationic lipid or (2) a cationic lipid mixed with a 

25 colipid, followed by adding a polyanionic macromolecule to the lipid particles at 
about room temperature (about 18 to 26 "C). In general, conditions are chosen that 
are not conducive to deprotection of protected groups. In one embodiment, the 
mixture is then allowed to form an aggregate over a period of about 10 minutes to 
about 20 hours, with about 15 to 60 minutes most conveniently used. Other time 

30 periods may be appropriate for specific lipid types. The complexes may be fomied 
over a longer period, but additional enhancement of transfection efficiency will not 
usually be gained by a longer period of complexihg. 
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The compounds and methods of the subject invention can be used to 
intracellularly deliver a desired molecule, such as, for example, a polynucleotide, to a 
target cell The desired polynucleotide can be composed of DNA or RNA or analogs 
thereof. The desired polynucleotides delivered using the present invention can be 
5 composed of nucleotide sequences that provide different functions or activities, such 
as nucleotides that have a re^latory function, e.g., promoter sequences, or that 
encode a polypeptide. The desired polynucleotide can also provide nucleotide 
sequences that are antisense to other nucleotide sequences in the cell. For example, 
the desired polynucleotide when transcribed in the cell can provide a polynucleotide 

10 that has a sequence that is antisense to other nucleotide sequences in the cell. The 
antisense sequences can hybridize to the sense strand sequences in the cell. 
Polynucleotides that provide antisense sequences can be readily prepared by the 
ordinarily skilled artisan. The desired polynucleotide delivered into the cell can also 
comprise a nucleotide sequence that is capable of forming a triplex complex with 

1 5 double-stranded DNA in the cell. 

The following examples illustrate the preparation of modified annexin proteins 
of the invention and in vitro and in vivo assays for anticoagulant activity of modified 
annexin proteins. It is to be understood that the invention is not limited to the 
20 exemplary work described or to the specific details set forth in the examples. 

EXAMPLES 

Example 1 : Modified Annexin Preparation 

Annexins can be purified fi:om human tissues or produced by recombinant 

25 technology. For instance, annexin V can be purified firora human placentas as 
described by Funakoshi etal. (1987). Examples of recombinant products are the 
expression of annexin II and annexin V in Escherichia coli (Kang, H.-M., Trends 
Cardiovasc. Med. 9:92-102 (1999); Thiagarajan and Benedict, 1997, 2000). A rapid 
and efficient purification method for recombinant annexin V, based on Ca^'^-enhanced 

30 binding to phosphatidylserine-containing liposomes and subsequent elution by EDTA, 
has been described by Berger, FEBS Lett. 329:25-28 (1993). This procedure can be 
improved by the use of phosphatidylserine coupled to a solid phase support. 
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Annexins can be coupled to polyethylene glycol (PEG) by any of several well- 
established procedures (reviewed by Hermanson, 1996) in a process referred to as 
pegylation. The present invention includes chemically-derivatized annexin molecules 
having mono- or poly-(e.g., 2-4) PEG moieties. Methods for preparing a pegylated 
5 annexin generally include the stqps of (a) reacting the annexin -with polyethylene 
glycol (such as a reactive ester or aldehyde derivative of PEG) under conditions 
whereby the annexin becomes attached to one or more PEG groups and (b) obtaining 
the reaction product or products. In general, the optimal reaction conditions for the 
reactions must be determined case by case based on known parameters and the 
10 desired result. Furthermore, the reaction may produce different products having a 
different number of PEG chains, and further purification may be needed to obtain the 
desired product. 

Conjugation of PEG to annexin V can be performed using the EDC plus sulfo- 
15 NHS procedure. EDC (l-ethyl-3-(3-dimethylaminopropyl)-cai:bodiimide 

hydrochloride) is used to form active ester groups with carboxylate groups using 
sulfo-NHS (N-hydroxysulfosuccinamide). This increases the stability of the active 
intermediate, which reacts with an amine to give a stable amide linkage. The 
conjugation can be carried out as described in Hermanson, 1996. 

20 

Bioconjugate methods can be used to produce homopolymers or 
heteropolymers of annexin; methods are reviewed by Hermanson, 1996. 
Recombinant methods can also be used to produce fusion proteins, e.g., annexin 
expressed with the Fc portion of immunoglobulin or another protein. The 
25 heterotetramer of annexin II with PI 1 has also been produced in £. coli (Kang et al., 
1999). All of these procedures increase the molecular weight of annexin and have the 
potential to increase the half-life of annexin in the circulation and prolong its. 
anticoagulant effect. 

30 A homodimer of annexin V can be produced using a DNA construct shown 

schematically in FIG. 1 (5-3' sense strand) (SEQ ID N0:4) and coding for an amino 
acid sequence represented by SEQ ID N0:6. la this example, the annexin V gene is 
cloned into the expression vector pCMV FLAG 2 (available firom Sigma-AMrich) at 
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EcoRI and Bgin sites. The exact sequences prior to and after the annexin V sequence 
are unknown and denoted as "x". It is therefore necessary to sequence the construct 
prior to modification to assure proper codon aUgnment, The pCMV FLAG 2 vector 
comes with a strong promoter and initiation sequence (Kozak) and start site (ATG) 
5 built in. The start codon before each annexin V gene must therefore be removed, and 
a strong stop for tight expression should be added at the tenninus of the second 
annexin V gene. The vector also comes with an 8-amino acid peptide sequence that 
can be used for protein purification (asp-tyr-lys-asp-asp-asp-asp-lys) (SEQ ID NO: 9). 
A 14-amino acid spacer with glycine-serine swivel ends allows optimal rotation 
10 between tandem genes. Addition of restriction sites PvuII and Seal allow removal of 
the linker if necessary. Addition of a protease site allows cleavage of tandem proteins 
following expression. PreScission™ protease is available fix>m Amersham Pharmacia 
Biotech and can be tised to cleave tandem proteins. 

15 Annexin V has the following amino acid sequence: 

MALRGTVTDFSGFDGRADAEVLRKAMKGLGTDEDSILNLLTARSNAQRQQI 
AEEFKTLFGimLVNDMKSELTGiafEKLIVALMia»SRLYDAYELKII^ 
DEKVLTEIIASRTPEELRAIKQAYEEEYGSNLEDDVVGDTSGYYQRMLVVLLQ 
ANRDPDTAIDDAQVELDAQALFQAGELKWGTDEEKFmLGTRSVSHLRRVF 

20 DKYMTISGFQIEETIDRETSG^1LE^ILLLAVVKSIRSIPAYLAETLYYAMKGAGT 
DDHTIJttlVrVSRSEIDLFNIRKEFRKOTATSLYSMIECGDTSGDYKKALLLLCGG 
EDD(*stop) (SEQ ID N0:3) 

The nucleotide sequence of annexin V, inserted as indicated in the DNA 

25 construct illustrated in FIG. 1, is as follows: 

ATGGCCCTGCGCGGCACCGTGACCGACTTCTCCGGCTTCGACGGCCGCGC 
CGACGCCGAGGTGCTGCGCAAGGCCATGAAGGGCCTGGGCACCGACGAG 
GACTCCATCCTGAACCTGCTGACCGCCCGCTCCAACGCCCAGCGCCAGCA 
GATCGCCGAGGAGTTCAAGACCCTGTTCGGCCGCGACCTGGTGAACGACA 

30 TGAAGTCCGAGCTGACCGGCAAGTTCGAGAAGCTGATCGTGGCCCTGATG 
AAGCCCTCCCGCCTGTACGACGCCTACGAGCTGAAGCACGCCAAGCTGGG 
CGCCGGCACCGACGAGAAGGTGCTGACCGAGATCATCGCCTCCCGCACCC 
CCGAGGAGCTGCGCGCCATCAAGCAGGCCTACGAGGAGGAGTACGGCTC 
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CAACCTGGAGGACGACGTGGTGGGCGACACCTCCGGCTACTACCAGCGCA 
TGCTGGTGGTGCTGCTGCAGGCCAACCGCGAGCCCGACACCGCCATCGAC 
GACGCCCAGGTGGAGCTGGACGCCCAGGCCCTGTTCCAGGCCGGCGAGCT 
GAAGTGGGGCACCGACGAGGAGAAGTTCATCACCATCCTGGGCACCCGCT 
5 CCGTGTCCCACCTGCGCCGCGTGTTCGACAAGTACATGACCATCTCCGGCT 
TCCAGATCGAGGAGACCATCGACCGCGAGACCTCCGGCAACCTGGAGAAC 
CTGCTGCTGGCCGTGGTGAAGTCCATCCGCTCCATCCCCGCCTACCTGGCC 
GAGACCCTGTACTACGCCATGAAGGGCGCCGGCACCGACGACCACACCCT 
GATCCGCGTGATCGTGTCCCGCTCCGAGATCGACCTGTTCAACATCCGGAA 
10 GGAGTTCCGCAAGAACTTCGCCACCTCCCTGTACTCCATGATCAAGGGCG 
ACACCTCCGGCGACTACAAGAAGGCCCTGCTGCTGCTGTGCGGCGGCGAG 
GACGACTGA (SEQ ID NO: 1) 

Example 2: In Vitro and In Vivo Assays 

15 In vitro assays determine the ability of modified annexin proteins to bind to 

activated platelets. Annexin V binds to platelets, and this binding is markedly 
increased in vitro by activation of the platelets with thrombin (Thiagarajan and Tait, 
1990; Sun et al., 1993). Preferably, the modified annexin .proteins of the present 
invention are prepared in such a way that perform the function of annexin in that they 

20 bind to platelets and prevent protein S from binding to platelets (Sun etal., 1993). 
The modified annexin proteins also perform the function of exhibiting the same 
anticoagulant activity in vitro that unmodified annexin proteins exhibit. A method for 
measuring the clotting time is the activated partial thromboplastin time (Fritsma, in 
Hemostasis and thrombosis in the clinical laboratory (Corriveau, D.M. and Fritsma, 

25 G.A., eds) J.P. Lipincott Co., Philadelphia (1989), pp. 92-124, incorporated herein by 
reference). 

In vivo assays determine the antithrombotic activity of annexin proteins. 
Annexin V has been shown to decrease venous thrombosis . induced by a laser or 
30 photochemicaily in rats (Rdmisch et al., 1991). The maximal anticoagulant effect was 
observed between 15 and 30 minutes after intravenous administration of annexin V, 
as determined functionally by thromboelastography. The mCdified armexin proteins 
of the present invention preferably show more prolonged activity in such a model than 
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unmodified annexin. Aiinexin V was also found to decrease fibrin accretion in a 
rabbit model of jugular vein thrombosis (Van Ryn-McKenna etal., 1993). Air 
injection was used to remove the endothelium, and annexin V was shown to bind to 
the treated vein but not to the control contralateral vein. Decreased fibrin 
5 accumulation in the injured vein was not associated with systemic anticoagulation. 
Heparin did not inhibit fibrin accumulation in the injured vein. The modified annexin 
proteins of the present invention preferably perform the function of annexin in this 
model of venous thrombosis. A rabbit model of arterial thrombosis was used by 
Thiagarajan and Benedict, 1997. A partially occlusive thrombus was formed in the 

10 left carotid artery by application of an electric current. Annexin V infusion strongly 
inhibited thrombosis as manifested by measurements of blood flow, thrombus weight, 
labeled fibrin deposition and labeled platelet accumulation. Recently, a mouse model 
^ of photochemically-induced thrombus in cremaster muscles was introduced (Vollmar 
et ai. Thromb. Haemost. 85:160-164 (2001), incorporated herein by reference). Using 

15 this technique, thrombosis can be induced in any desired artery or vein. The modified 
annexin proteins of the present invention preferably perform the function of annexin 
in such models, even when administered by bolus injection. 

• Example 3 

20 The anticoagulant ability of human recombinant annexin V and pegylated 

human recombinant annexin V were compared in vitro. 

Annexin V production. The polymerase chain reaction was used to amplify the 
cDNA from the initiator methionine to the stop codon with specific oligonucleotide 

25 primers from a human placental cDNA library. The forward primer was 5'- 
ACCTGAGTAGTCGCCATGGCACAGGTTCTC-3' (SEQ ID N0:7) and the reverse 
primer was 5'-CCCGAATTCACGTTAGTCATCTTCTCCACAGAGCAG-3' (SEQ 
ID NO: 8). The amplified 1.1 -kb fragment was digested with Nco I and Eco RI and 
ligated into the prokaryotic expression vector pTRC 99 A. The ligation product was 

30 used to transform competent Escherichia coli strain JM 1 05 and sequenced. 



Recombinant annexin V was isolated from the bacterial lysates as described 
by Berger et al., 1993, with some modification. An overnight culture of jE, coli JM 
38 
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105 transformed with pTRC 99A-annexin V was expanded 50-fold in fresh Luria- 
Bertrani medium containing 100 mg/L ampicillin. After 2 hours, isopropyl P-D- 
thiogalactopyranoside was added to a final concentration of 1 mmol/L. After 16 
hours of induction, the bacteria were pelleted at 3500g for 15 minutes at 4*'C. The 
5 bacterial pellet was suspended in TBS, pH 7.5, containing 1 mmol/L PMSF, 5 
mmol/L EDTA, and 6 moI/L urea. The bacterial suspension was sonicated with an 
ultrasonic probe at a setting of 6 on ice for 3 minutes. The lysate was centrifuged at 
lO.OOOg for 15 minutes, and the supernatant was dialyzed twice against 50 vol TBS 
containing 1 mmol/L EDTA and once against 50 vol TBS. 

10 

Multilamellar liposomes were prepared by dissolving phosphatidyiserine, 
lyophilized bovine brain extract, cholesterol, and dicetylphosphate in chloroform in a 
molar ration of 10:15:1 and dried in a stream of nitrogen in a conical flask, TBS (5 
mL) was added to the flask and agitated vigorously in a vortex mixer for 1 minute. 

15 The liposomes were washed by centrifugation at 3500g for 15 minutes, then incubated 
with the bacterial extract, and calcium chloride was added to a final concentration of 5 
mmoI/L. After 15 minutes of incubation at 37*C, the liposomes were sedimented by 
centrifugation at 10,000^ for 10 minutes, and the bound annexin V was eluted with 10 
mmol/L EDTA. The eluted annexin V was concentrated by Amicon ultrafiltration 

20 and loaded onto a Sephacryl S 200 column. The annexin V was recovered in the 
included volume, whereas most of the liposomes , were in the void volume. Fractions 
containing annexin V were pooled and dialyzed in 10 mmol/L Tris and 2 mmol/L 
EDTA, pH 8.1, loaded onto an anion exchange column, and eluted with a linear 
gradient of 0 to 200 mmol/L NaCl in the same buffer. The purified preparation 

25 showed a single band in SDS-PAGE under reducing conditions. 

The annexin V produced as above was pegylated using the method of 
Herraanson, 1996, as described above. 

30 Anti-coagulation assays. Prolongation of the clotting time (activated partial 
thromboplastin time) induced by annexin V and pegylated annexin V were compared. 
Activated partial thromboplastin times were assayed with citrated normal pooled 
plasma as described in Fritsma, 1989, Using different concentrations of annexin V 
39 
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and pegylated annexin V, produced as described above, dose-response curves for 
prolongation of clotting times were obtained. Results are shown in FIG. 2, a plot of 
clotting time versus annexin V and pegylated annexin V dose. As shown in the 
figure, the anticoagulant potency of the recombinant humaii annexin V and the 
pegylated recombinant human annexin V are substantially equivalent. The small 
difference observed is attributable to the change in molecular weight after pegylation. 
This experiment validates the assertion made herein that pegylation of annexin V can 
be achieved without significantly reducing its antithrombotic effects. 

It should be noted that the foregoing description is only illustrative of the 
invention. Various alternatives and modifications can be devised by those skilled in 
the art without departing from the invention. Accordingly, the present invention is 
intended to embrace all such alternatives, modifications and variances which fall 
within the scope of the disclosed invention. 
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CLAIMS 



What is claimed is: 



5 1. An isolated modified annexin protein comprising an annexin protein coupled to 
polyethylene glycol. 

2. The isolated modified annexin protein of claim 1 , wherein said 
polyethylene glycol has a molecular weight of at least 10 kDa. 

10 

3. The isolated modified annexin protein ofclaira 2, wherein said 
polyethylene glycol has a molecular weight of at least 30 kDa. 

4. The isolated modified annexin protein of claim 1, wherein each modified 
1 5 annexin protein comprises at least two polyethylene glycol chains. 

5. The isolated modified annexin protein of claim 1, wherein said annexin 
protein is an annexin V protein. 



20 6 . The isolated modi fied annexin protein of claim 5 , wherein said 

annexin V protein comprises an amino acid sequence selected firom 
the group consisting of: 

a) an amino acid sequence selected fi^om the group consisting of 
SEQ ID N0:3 and SEQ ID N0:6; and 
25 b) an amino acid sequence selected from the group consisting of 

an amino acid sequence having at least 95% sequence identity 
to an amino acid sequence of a). 

7. A pharmaceutical composition comprising an antithrombotically effective 
30 amount of the modified annexin protein of claim 1 . 
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8. A method of treating a subject at risk of thrombosis, comprising administering 
to said subject a pharmaceutical composition comprising an antithrorabotically 
effective amount of the modified annexin protein of claim 1 . 

9. The method of claim 8, wherein said pharmaceutical composition is 
administered after coronary thrombosis. 

10. The method of claim 8, wherein said pharmaceutical composition is 
administered after a condition selected from the group consisting of overt 
cerebral thrombosis and transient cerebral ischemic attack. 

1 1 . The method of claim 8, wherein said pharmaceutical composition is 
administered after a surgical operation associated with venous thrombosis. 

1 2 . The method of claim 8, wherein said subj ect is diabetic and said 
thrombosis is arterial thrombosis. 

13. The method of claim 8, wherein said pharmaceutical composition is 
administered durmg a condition selected from the group consisting of 
pregnancy and parturition. 

14. An isolated modified annexin protein comprising an aimexin protein coupled to 
an additional protein. 

15. The isolated modified annexin protein of claim 14, wherein said additional 
protein is the Fc portion of immunoglobulin. 

16. The isolated modified annexin protein of claim 14, wherein said additional 
protein has a molecular weight of at 1 east 3 0 kDa. 

1 7. The isolated modified annexin protein of claim 14, wherein said isolated 
modified annexin protein is a dimer. 
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. 18. The isolated modified annexin protein of claim 14, wherein said isolated 
modified annexin protein is a heterotetramer of an annexin U protein and a 
pi 1 protein, 

5 19. The isolated modified annexin protein of claim 14, wherein said additional 

protein is an additional annexin protein. 



20. The isolated modified annexin protein of claim 14, wherein said annexin 
protein is an annexin V protein. 

10 

21. The isolated modified annexin protein of claim 20, wherein said 
annexin V protein comprises an amino acid sequence selected from 
the group consisting of: 
a) SEQIDN0:3;and 
15 b) an amino acid sequence having at least 95% sequence identity 

toSEQIDNO:3. 



22. The isolated modified annexin protein of claim 20, wherein said 
additional protein is an annexin V protein. 

20 

23. The isolated modified aimexin protein of claim 22, wherein 
said additional protein comprises an amino acid sequence 
selected from the group consisting of: 
a) SEQ ID N0:3; and 
25 b) an amino acid sequence having at least 95%.:sequence 

identity to. SEQ ID N0:3. 



24. The isolated modified annexin protein of cl-aim 22, wherein 
said isolated modified annexin protein coiiigrises an amino acid 
30 sequence selected from the group consistingof: 

a) SEQIDN0:6;and 

b) an amino acid sequence having at least 95 sequence 
identity to SEQ ID N0:6. 
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25. A phannaceutical composition comprising an antithrombotically effective 
amount of the modified annexin protein of claim 14, 

26. A method of treating a subject at risk of thrombosis comprising administering to 
said subject a pharmaceutical composition comprising an antithrombotically 
effective amount of the modified annexin protein of claim 14. 

27. The method of claim 26, wherein said pharmaceutical composition is 
administered after coronary thrombosis. 

28. The method of claim 26, wherein said pharmaceutical composition is 
administered after a condition selected fi-om the group consisting of overt 
cerebral thrombosis and transient cerebral ischemic attack. 

29. The method of claim 26, wherein said pharmaceutical composition is 
administered after a surgical operation associated with venous thrombosis. 

30. The method of claim 26, wherein said subject is diabetic and said 
thrombosis is arterial thrombosis. 

3 1 . The method of claim 26, wherein said pharmaceutical composition is 
administered during a condition selected from the group consisting of 
pregnancy and parturition, 

32. An isolated nucleic acid molecule selected from the group consisting of: 

a) an isolated bacterial nucleic acid molecule comprising a nucleic acid 
sequence encoding a protein selected from the group consisting of: 

i) SEQ ID N0:6; and 

ii) a protein having at least 95% sequence identity to SEQ TD N0:6; and 

b) a nucleic acid molecule which is fully complementary to any said nucleic 
acid molecule recited in a). 
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33. The nucleic acid molecule of claim 32, wherein said nucleic acid molecule 
comprises SEQ TD N0:4. 

34. A recombinant molecule comprising at least a portion of a nucleic acid 
5 molecule according to claim 32, 

35. A recombinant cell comprising at least a portion of a nucleic acid molecule 
according to claim 32. 



10 , 36. A method ofproducing a modified annexin protein, comprising 

culturing the cell of claim 35 under conditions permitting the 
production of said modified atmexin protein, and recovering said 
modified annexin protein from said culture. 



A method of screening for a modified annexin protein that modulates 
thrombosis, said method comprising: 

a) contacting a thrombosis test system with at least one test modified annexin 
protein under conditions permissive for thrombosis; 

b) assessing the antithrombotic activity in the presence of said test modified 
annexin protein; and 

c) comparing the antithrombotic activity in the presence of said test modified 
annexin protein with the antithrombotic activity in the absence of said test 
modified annexin protein, wherein a change in the antithrombotic activity 
in the presence of said test modified annexin protein is indicative of a 
modified annexin protein that modulates thrombotic activity. 



38. The method of claim 37 wherein said thrombosis test system is a system 
for measuring activated partial thromboplastin time. 

30 39. A modified annexin protein that modulates thrombosis identified by the 

method of claim 37. 
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40. A method for identifying a modified annexin protein for amiexin activity, said 
method comprising: 

a) contacting activated platelets with at least one test modified amiexin 
protein under conditions permissive for binding; 

b) assessing the test modified annexin-binding activity of said platelets; 

c) assessing the protein S-binding activity in the presence of said test 
modified annexin protein; and 

d) comparing the test modified annexin-binding activity and protein S- 
binding activity in the presence of said test modified annexin protein with 
the unmodified annexin-binding activity and protein S-binding activity in 
the presence of unmodified annexin protein, whereby a modified annexin 
protein with annexin activity may be identified. 
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SEQUENCE LISTING 

<110> Surromed, Inc. 

<120> Modified Annexin Proteins and Methods for Preventing Thrombosis ' 
<130> SURR,90/PCT 



<170> Patentin version 3.1 



<211> 960 
<212> DNA 
<2I3> Homo sapiens 



atggecctgc 


gcggcaccgt 


gaccgacttc tccggcttcg 


acggcogcgc 


cgacgocgag 


£0 


gtgctgcgca 


aggccatgaa 


gggcctgggc accgacgagg 


actccatcct 


gaacctgctg 


120 


accgcccgct 


ccaacgccca 


gcgccagcag atcgccgagg 


agttcaagac 


cctgttcggc 


180 


cgcgacctgg 


tgaacgacat 


gaagtccgag ctgaccggca 


agttcgagaa 


gctgatcgtg . 


24 0 


gccctgatga 


agccctcccg 


cctgcacgac gcctacgagc 


tgaagcacgc 


caagctgggc 


300 


gccggcaccg 


acgagaaggt 


gctgaccgag atcatcgcct 


cccgcacccc 


cgaggagctg . 


•360 


cgcgccatca 


agcaggccta 


cgaggaggag tacggctcca 


acctggagga 


cgacgtggtg 


420 


ggcgacacct 


ccggctacta 


ccagcgcatg ctggtggtgc 


tgctgcaggc 


caaccgcgac 


43(5- 


cccgacaccg 


ccatcgacga 


cgoccaggtg gagctggaeg 


cccaggccct 


gttccaggcc 


540 


ggcgagctga 


agtggggcac 


cgacgaggag aagttcatca 


ccatcctggg 


cacccgctcc 


600 


gtgtcccacc 


tgcgccgcgt 


gttcgacaag taeatgaeca 


tctecggctt 


ccagatcgag 


660 


gagaccatcg 


accgcgagac 


ctccggcaac ctggagaacc 


tgctgctggc 


cgtggtgaag 


720 


tccatccgct 


ccatceccgc 


ctacctggcc gagaccotgt 


actacgccat 


gaagggcgcq 


780 


ggcaccgacg 


accacaccct 


gatccgcgtg atcgtgtccc 


gctccgagat 


cgacctgttc. 


840 


aacatccgca 


aggagttccg 


caagaacttc gGCacctccc 


tgtactccat 


gatcaagggc 


900 


gaeacctccg 


gcgactacaa 


gaaggccctg . ctgctgctgt 


geggcggcga 


ggacgactga 


960 



<210> 2 

<211> 950 

<212> DKA 

<213> Homo sapiens 
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<220> 

<221> CDS 

■<222> (1),.{960) 
<223> 



atg gcc ctg cgc ggc acc gtg acc gac ttc tec ggc ttc gac ggc cgc 48 
Met Ala Leu Arg Gly Thr Val Thr Asp Phe Ser Gly Phe Asp Gly Arg 
15 10 15 

gcc gac gcc gag gtg ctg cgc aag gcc atg aag ggc ctg ggc acc gac 96 
Ala Asp Ala Glu Val Leu Arg Lys Ala Met Lys Gly Leu Gly Thr Asp 
20 25 30 

gag gac tec ate ctg aac ctg ctg acc gcc cgc tec aac gcc cag cgc 144 
Glu Asp Ser lie Leu Asn Leu Leu Thr Ala Arg Ser Asn Ala Gin Arg 

35 40 45 

cag cag ate gcc gag gag ttc aag acc ctg ttc ggc cgc gac ctg gtg 192 
Gin Gin He Ala Glu Glu Phe Lys Thr Leu Phe Gly Arg Asp Leu Val 
50 55 60 

aac gac atg aag tec gag ctg acc ggc aag ttc gag aag ctg ate gtg 24 0 

Asn Asp Met Lys Ser Giu Leu Thr Gly Lys Phe Glu Lys Leu He Val 
65 70 75 80 

gcc ctg atg aag ccc tec cgc ctg tac gac gcc tac gag ctg aag cac 288 
Ala Leu Met Lys Pro Ser Arg Leu Tyr Asp Ala Tyr Glu Leu Lys His 
85 90 95 

gcc aag ctg ggc gcc ggc acc gac gag aag gtg ctg acc gag ate ate 336 
Ala Lys Leu Gly Ala Gly Thr Asp Glu Lys Val Leu Thr Glu He He 
100 105 110 

gcc tec cgc acc ccc gag gag ctg cgc gcc ate aag cag gcc tac gag 384 
Ala Ser Arg Thr Pro Glu Glu Leu Arg Ala He Lys Gin Ala Tyr Glu 
115 120 125 

gag gag tac. ggc tec aac ctg gag gac gac gtg gtg ggc gac acc tec 432 
Glu Glu Tyr Gly Ser Asn Leu Glu Asp Asp Val Val Gly Asp Thr Ser 
130 135 140 

ggc tac tac cag cgc atg ctg gtg gtg ctg ctg cag gcc aac cgc gac 48 0 

Gly Tyr Tyr Gin Arg Met Leu Val Val Leu Leu Gin Ala Asn Arg Asp 
145 150 155 160 

CCC gac acc gcc ate gac gac gcc cag gtg gag ctg gac gcc cag gcc 52 8 

Pro Asp Thr Ala He Asp Asp Ala Gin Val Glu Leu Asp Ala Gin Ala 
165 170 175 

Ctg ttc cag gcc ggc gag ctg aag tgg ggc acc gac gag gag aag ttc 576 
Leu Phe Gin Ala Gly Glu Leu Lys Trp Gly Thr Asp Glu Glu Lys Phe 
180 185 190 

ate acc ate ctg ggc acc cgc tec gtg tec cac ctg cgc cgc gtg ttc 624 
He Thr He Leu Gly Thr Arg Ser Val Ser His Leu Arg Arg Val Phe 
195 200 205 



gac aag tac atg acc ate tec ggc ttc cag ate gag gag ace ate gac 
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cgc gag acc tec ggc aac ctg gag aac ctg ctg ctg gcc gtg gtg aag 
Arg Glu Thr Ser Gly Asn Leu Glu Asn Leu Leu Leu Ala Val Val Lys 
225 230 235 240 

tec ate cgc tec ate ccc gcc tac ctg gcc gag ace ctg tac tac gcc 
Ser He Arg Ser He Pro Ala Tyr Leu Ala Glu Thr Leu Tyr Tyr Ala 
245 250 255 

atg aag ggc gcc ggc acc gac gac cac acc ctg ate cgc gtg ate gtg 
Met Lys Gly Ala Gly Thr Asp Asp His Thr Leu He Arg Val He Val 
2e0 265 270 

tec cgc tec gag ate gac ctg ttc aac ate cgc aag gag ttc cgc aag 
Ser Arg Ser Glu He Asp Leu Phe Asn He Arg Lys Glu Phe Arg Lys 
275 280 285 

aac ttc gcc acc tec ctg tac tec atg ate aag ggc gac acc tec ggc 
Asn Phe Ala Thr Ser Leu Tyr Ser Met He Lys Gly Asp Thr Ser Gly 
290 295 300 

gac tac aag aag gcc ctg ctg ctg ctg tgc ggc ggc gag gac gac tga 
Asp Tyr Lys Lys Ala Leu Leu Leu Leu Cys Gly Gly. Glu Asp Asp 
305 310 315 



<210> 3 

<211> 319 

<:212> PRT 

<213> Homo sapiens 

c400> 3 

Met Ala Leu Arg Gly Thr Val Thr Asp Phe Ser Gly Phe Asp Gly Arg 
1 5 10 15 

Ala Asp Ala Glu Val Leu Arg Lys Ala Met Lys Gly Leu Gly Thr Asp 
20 25 30 

Glu Asp Ser He Leu Asn Leu Leu Thr Ala Arg Ser Asn Ala Gin Arg 



Gin Gin He Ala Glu Glu Phe Lys Thr Leu Phe Gly Arg Asp Leu Val 
50 55 60 



Asn Asp Met Lys Ser Glu Leu Thr Gly Lys Phe Glu Lys Leu He Val 



Ala Leu Met Lys Pro Ser Arg Leu Tyr Asp Ala Tyr Glu Leu Lys His 
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Arg Glu Thr Sev Gly Asn Leu 61u Aan Leu Leu Leu Ala Val Val Lys 
225 230 235 240 



Ser lie Arg Ser He Pro Ala Tyr Leu Ala Glu Thr Leu Tyr Tyr Ala 
245 250 2SS 



Asp Tyr Lys Lys Ala Leu Leu Leu Leu Cys Gly Gly Glu Asp Asp 



<212> DKA 

<213> Artificial Sequence 



<220> 

<223> primer 
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<220> 

<221> mi6c_feature 

<222> (45).. (45} 

<223> n - a, t, or g 
<220> 

<321> misc_feature 

<222> (1000) . .(1002) 

<223> n = a, c, t, or g 

<220> 

<221> mi3c_feature 

<222> (1051) . . (1053> 

<223> ■ n = a, c, t, or g 

<400> 4 



atggactaca 


aagacgatga 


cgacaagctt 


gcggccgcga attcngccct gcgcggoacc 


60 


gtgaccgact 


tctccggctt 


cgacggccgc 


gccgacgccg aggtgctgcg caaggccatg 


120 


aagggcctgg 


gcaccgacga 


ggactccatc 


ctgaacctgo tgacegccc.g ctecaacgcc 


180 


cagcgccagc 


agatcgccga 


ggagttcaag 


accctgttcg gccgcgacct ggtgaacgac 


240 


atgaagtccg 


agetgaccgg 


caagttcgag 


aagctgatcg tggccctgat gaagccctcc. 


300 


cgcctgtacg 


aegcctacga 


gctgaagcac 


gccaagctgg gcgccggcac cgacgagaag. 


360 


gtgctgaccg 


agatcatcgc 


ctcccgcacc 


cccgaggagc tgcgcgccat caagcaggcc 


420 


tacgaggagg 


agtacggctc 


caacctggag 


gacgacgtgg tgggcgacac ctccggctac 


480 


taccagogca 


tgctggtggt 


gctgctgcag 


gccaaccgcg accccgacac cgccatcgac 


• 540 


gacgcccagg 


tggagctgga 


cgcccaggcc 


ctgttccagg ccggcgagct gaagtggggc 


600 


accgacgagg 


agaagttcat 


caccatcctg 


ggcacccgct ccgtgtccca cctgcgccgc 


660 


gtgttcgaca 


agtacatgac 


catctccggc 


ttccagatcg aggagaccat cgaccgcgag 


720 


acctccggca 


acotggagaa 


cctgctgctg 


gccgtggtga agtccatccg ctccaccccc 


780 


gcctacctgg 


ccgagaccct 


gtactacgcc 


atgaagggcg ccggcaccga cgaccacacc 


840 


ctgatccgcg 


tgategtgtc 


ccgctccgag 


atcgacctgt tcaacatccg caaggagttc 


900 


cgcaagaact 


tcgccacctc 


cctgtactcc 


atgatcaagg gcgacacctc cgg.egactac 


960 


aagaaggccc 


tgctgctgct 


gtgcggcggc 


gaggacgacn nnagatct.cg atcgggcbtg 


1020 


gaggtgctgt 


tccagggccc 


cggaagtacc 


nnngccctgc gcggcaccgc gaccgacttc 


108O 


tccggcttcg 


acggccgcgc 


cgacgccgag 


gtgctgcgca aggccatgaa gggcctgggc 


1140 


accgacgagg 


actccaccct 


gaacctgctg 


accgcccgct ccaacgccca gcgccagcag 


1200 


atcgccgagg 


agttcaagac 


cctgttcggc 


cgcgacctgg tgaacgacat gaagcccgag 


1260 
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ctgaccggca 


agttcgagaa 


gctgatcgtg 


gccctgatga agcccccccg cctgtacgac 


1320 


gcctacgagc 


tgaagcacgc 


caagctgggc 


gccggcaccg acgagaaggt gctgaccgag 


1380 


atcatcgcct 


cccgcacccc 


cgaggagctg 


cgcgccatca agcaggccta cgaggaggag 


1440 


Cacggctcca 


acctggagga 


cgacigtggtg 


ggcgacacct ccggctaeta ccagcgcatg 


1500 


ctggtggtgc 


Cgctgcaggc 


caaccgcgac 


cccgacaccg ccatcgacga cgcccagg.tg 


1560 


gagctggacg 


cccaggecct 


gttccaggce 


ggcgagctga agtggggcac ogacgaggag 


1S20 


aagttcatca 


ccatcctggg 


cacGcgctcc 


gtgtcccacc tgcgccgcgt gttcgacaag 


1680 


tacatgacca 


tctccggctt 


ccagatcgag 


gagaccatcg accgcgagac ctccggcaac 


1740 


ctggagaacc 


tgctgctggc 


cgtggtgaag 


tccatccgct ccatccccgc ctacctggcc 


1800 


gagaccctgt 


actacgccat 


gaagggcgcc 


ggcaccgacg accacaccct gatccgcgtg 


18S0 


atcgtgtccc 


gctccgagat 


cgacctgttc 


aacatccgca aggagttccg caagaacttc 


1920 


gccacctccc 


tgtactccat 


gatcaagggc 


gacacctccg gcgactacaa gaaggccctg 


19S0 


ctgctgctgt 


gcggcggcga 


ggacgactaa 


taataa 


201S 



<210> 5 

.<2H> 2016 

<212> DNA 

<213> Artificial sequence 
<220s 

c223> modified annexin gene 
<220> 

<221> CDS 

<222> (1) . . (2016) 

<223> 



<220> 

<22X> misc feature 

<222> (45)7.(45) 

<223> n = a, c, g, or t 



<220> 

<221> misc^feature 

<222> (1000) .. (1002) 

<223> n = a, c, g, or t 



<220> 

<221> miac_feature 

<222> (1051) .. (1053) 

<223> n = a, c, g, or t 



<400> 5 
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atg gac tac aaa gac gat gac gac aag ctt gcg gcc gcg aat ten gcc 4 8 

Met Asp Tyr Lys Asp Asp Asp Asp Lys Leu Ala Ala Ala Asn Xaa Ala 
15 10 15 

ctg cgc ggc acc gtg acc gac ttc tec ggc ttc gac ggc cgc gcc gac 96 
Leu Arg Gly Thr Val Thr Asp Phe Ser Gly Phe Asp Gly Arg Ala Asp 
20 25 30 

gcc gag gtg ctg cgc aag gcc atg aag ggc ctg ggc acc gac gag gac 144 
Ala GLu Val Leu Arg Lys Ala Met Lys Gly Leu Gly Thr Asp Glu Asp 
35 40 45 

tec ate ctg aac ctg ctg acc gcc cgc tec aac gcc cag cgc cag cag 192 
Ser lie Leu Asn Leu Leu Thr Ala Arg Ser Aan Ala Gin Arg Gin Gin 
50 55 60 

ate gcc gag gag ttc aag acc ctg ttc ggc cgc gac ctg gtg aac gac 240 
lie Ala Glu Glu Phe Lys Thr Leu Phe Gly Arg Asp Leu Val Asn Asp 
65 70 75 80 

atg aag tec gag ctg acc ggc aag ttc gag aag ctg ate gtg gcc' ctg 288 
Met Lys Ser Glu Leu Thr Gly Lys Phe Glu Lys Leu He Val Ala Leu 
85 90 95 

atg aag ecc tec cgc ctg tac gac gcc tac gag ctg aag cac gcc aag 33S 
Met Lys Pro Ser Arg Leu Tyr Asp Ala Tyr Glu Leu Lys- His -Ala I/ys- 
100 105 110 

Ctg ggc gcc ggc adc gac gag aag gtg ctg acc gag ate ate gcc tec 3 84 

Leu Gly. Ala Gly Thr Asp Glu Lys Val Leu Thr Glu. He He Ala Ser 
115 120 125 

cgc acc ccc gag gag ctg cgc gcc ate aag cag gcc tac gag gag. gag 432 
Arg Thr Pro Glu Glu Leu Arg Ala He Lys Gin Ala Tyr Glu Glu Glu 
130 135 140 

tac ggc tec aac ctg gag gac gac gtg gtg ggc gac acc tec ggc tac 480 
Tyr Gly Ser Asn Leu Glu Asp Asp Val Val Gly Asp Thr Ser Gly Tyr 
145 150 155 160 

tac cag cgc atg ctg gtg gtg ctg ctg cag gee aac cgc gac ccc gac 523 
Tyr Gin Arg Met Leu Val val Leu. Leu Gin Ala Asn Arg Asp Pro Asp 
165 170 175 

acc gcc ate gac-gac gcc cag, gtg gag ctg gac gcc cag gcc ctg ttc 57 6 

Thr Ala He Asp Asp Ala Gin Val Glu Leu Asp Ala Gin Ala Leu Phe 
160 135 190 

cag gcc ggc gag ctg aag. tgg ggc acc gac gag gag aag ttc ate acc 624 
Gin Ala Gly Glu. Leu Lys, Trp Gly Thr Asp Glu Glu Lys Phe lie- Thr 
195 200 205 

ate ctg ggc acc cgc ^cc gtg tec cae ctg cgc cgc gtg ttc gac aag 672 
He Leu Gly. Thr 'Arg, Ser Val Ser His Leu Arg Arg Val Phe Asp .Lys 
210 215 220 

tac atg acc ate tec ggc ttc cag ate gag gag acc ate gaccgc''gag 720 
Tyr Met Thr He Ser Gly Phe Gin He Glu Glu Thr He Asp Arg Glu 
225 230 235 240 

acc tec ggc aac ctg geig aac-ctg ctg ctg gee gtg gtg aag tec ate 768 
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Thr Ser Gly Asn Leu Glu Asn Leu Leu Leu Ala Val Val Lys Ser He 
245 250 255 

cgc tec ate ccc gcc tac ctg gcc gag acc ctg tac tac gcc atg aag 816 
Arg Ser He Pro Ala Tyr Leu Ala Glu Thr Leu Tyr Tyr Ala Met Lys 
260 265 270 

ggc gcc ggc acc gac gac cac acc ctg ate cgc gtg ate gtg tec cgc 864 
Gly Ala Gly Thr Asp Asp Hie Thr Leu He Arg Val He Val Ser Arg 
275 280 285 

tec gag ate gac ctg ttc aac ate cgc aag gag ttc cgc aag aac ttc 912 
Ser Glu He Asp Leu Phe Asn He Arg Lys Glu Phe Arg Lys Asn Phe 
290 295 300 

gcc acc tec ctg tac tec atg ate aag ggc gac acc tec ggc gac tac 960 
Ala Thr Ser Leu Tyr Ser Met He Lys Gly Asp Thr Ser Gly Asp Tyr 
305 310 315 320 

aag aag gcc ctg ctg ctg ctg tge ggc ggc gag gac gac nnn aga tct 1008 
Lys Lys Ala Leu Leu Leu Leu Cys Gly Gly Glu Asp Asp Xaa Arg Ser 
325 330 335 

cga teg ggc ctg gag gtg ctg ttc cag ggc ccc gga agt act nnn gee 1056 
Arg Ser Gly Leu Glu Val Leu Phe Gin Gly Pro Gly Ser Thr Xaa Ala 
340 345 350 

ctg cgc ggc acc gtg acc gac etc tec ggc ttc gac ggc cgc gcc gac 1104 
Leu Arg Gly Thr Val Thr Asp Phe Ser Gly Phe Asp Gly Arg Ala Asp 
355 360 365 

gcc gag gtg ctg cgc aag gcc atg aag ggc ctg ggc acc gac gag gac 1152 
Ala Glu Val Leu Airg Lys Ala Met Lys Gly Leu Gly Thr Asp Glu Asp 
370 375 380 

tec ate ctg aac ctg ctg acc gcc cgc tec aac gcc cag cgc cag cag 12 00 

Ser He Leu Asn Leu Leu Thr Ala Arg. Ser Asn Ala Gin Arg Gin Gin 
385 390 395 400 

ate gcc gag gag ttc aag acc ctg ttc ggc cgc gac ctg gtg aac gac 124 8 

He Ala Glu Glu Phe Lys Thr Leu Phe Gly Arg Asp Leu Val A^n Asp 
405 410 415 

atg aag tec gag ctg acc ggc aag ttc gag aag ctg ate gtg gcc ctg 1296 
Met Lys Ser Glu Leu Thr Gly Lys Phe Glu Lys Leu He Val Ala Leu 
420 425 430 

atg aag ccc tec cgc ctg tac gac gcc tac gag ctg aag cac gcc aag 1344 
Met Lys Pro Ser Arg Leu Tyr Asp Ala Tyr Glu Leu Lys His Ala Lys 
435 440 445 

ctg ggc gee ggc acc gac gag aag gtg ctg acc gag ate ate gcc tec 13 92 
Leu Gly Ala Gly Thr Asp Glu Lys Val Leu Thr Glu He He Ala Ser 
450 455 460 

cgc acc ccc gag gag ctg cgc gee ate aag cag gcc tac gag gag gag 144 0 
Arg Thr Pro Glu Glu Leu Arg Ala He Lys Gin Ala Tyr Glu Glu Glu 
465 470 475 480 



tac ggc tec aac ctg gag gac gac gtg gtg ggc gac ace tee ggc tac 
Tyr Gly Ser Asn Leu Glu Asp Asp Val Val Gly Asp Thr Ser Gly Tyr 
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485 490 495 

tac cag cgc atg ctg gtg gtg ctg ctg cag gcc aac cgc gac ccc gac 1536 
Tyr Gin Arg Met Leu Val Val Leu Leu Gin Ala Asn Arg Asp Pro Asp 
500 505 510 

acc gcc ate gac gac gcc cag gtg gag ctg gac gcc cag gcc ctg ttc 1584 
Thr Ala lie Asp Asp Ala Gin Val Glu Leu Asp Ala Gin Ala Leu Phe 
515 - 520 525 

cag gcc ggc gag ctg aag tgg ggc acc gac gag gag aag ttc ate acc 1632 
Gin Ala Gly Glu Leu Lys Trp Gly Thr Asp Glu Glu Lya Phe lie Thr 
530 535 540 

ate ctg ggc acc cgc tec gtg tec cac ctg cgc cgc gtg ttc gac aag 1680 
He Leu Gly Thr Arg Ser Val Ser His Leu Arg Arg Val Phe Asp Lys 
545 SSO 555 560 

tac atg acc ate tec ggc ttc cag ate gag gag ace ate gae cgc gag 1728 
Tyr Met Thr He Ser Gly Phe Gin He Glu Glu Thr He Asp Arg Glu 
565 570 575 

acc tec ggc aac ctg gag aac ctg ctg ctg gcc gtg gtg aag tec ate 1776 
Thr Ser Gly Asn Leu Glu Asn Leu Leu Leu Ala Val Val Lys Ser He 
580 585 550 

cgc tec ate ccc gee tac ctg gcc gag acc ctg tac tac gcc atg aag 1824 
Arg Ser He Pro Ala. Tyr Leu Ala Glu Thr Leu Tyr Tyr Ala Met Lys 
595 600 605 

ggc gcc ggc acc gac gac cac acc ctg ate cgc gtg ate gtg tec cgc 1872 
Gly Ala Gly Thr Asp Asp His Thr Leu He Arg Val. He Val Ser Arg 
610 615 620 

tec gag ate gac ctg ttc aac ate cgc aag gag ttc cgc aag aac ttc 1920 
Ser Glu lie Asp Leu Phe Asn He Arg Lys Glu Phe Arg Lys Asn Phe 
625 630 635 640 

gcc acc tec ctg tac tec atg ate aag ggc gac acc tee ggc gac tac 1968 
Ala Thr Ser Leu Tyr Ser Met He Lys Gly Asp Thr Ser Gly Asp Tyr 
645 650 655 



aag aag gcc ctg etg ctg ctg tgc ggc 
Lys Lys Ala Leu Leu Leu Leu Cys Gly 
660 665 



ggc gag gac gac taa taa taa 2016 
Gly Glu Asp Asp 



<210> 6 

<211> 669 

<212> PRT 

<213> Artificial sequence 
<220> 

<221> tniec feature 

<222> (15)7.(15) 

<223> The 'Xaa' at location 15 stands for Ser. 

<220> 

<221> misc_feature 

<222> (334),. (334) 

<223> The 'Xaa' at location 334 stands for Lys, Asn, Arg, Ser, Thr, He 
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, Met, Glu, Aap, Gly, Ala, Val, Gin, His, Pro, Leu, a stop codon, 
Tyr, Trp, Cys, or Phe. 

<220> 

<221> misc_feature 
<222> (351) . . {351) 

<223> The 'Xaa' at location 351 stands for Lys, Asn, Arg, Ser, Thr, He 
, Met, Glu, Asp, Gly, "Ala, Val, Gin, His, Pro, Leu, a stop codon, 
Tyr, Trp, Cys, or Phe. 

<220> 

<223> modified annexin gene 
<220> 

<221> misc_feature , 

<222> (45) . . (45) 

<223> n - a, c, g, or t 

<220> 

<221> misc_feature 

<222> (1000) . . (1002) 

<223> n = a, c, g, or t 

<220> 

<221> misc feature 

<222> (lOsT) . . (10S3) 

<223> n = a, c, g, or t 

<400> fi 

Met Asp Tyr Lys Asp Asp Asp Asp Lys Leu Ala Ala Ala Asn Xaa Ala 



Leu Arg Gly Thr Val Thr Asp Phe Ser Gly Phe Asp Gly Arg Ala Aap 



Ala Glu Val Leu Arg Lys Ala Met Lys Gly Leu Gly Thr Asp Glu Asp 
35 40 45 



Ser He Leu Asn Leu Leu Thr Ala Arg Ser Asn Ala Gin Arg Gin Gin 

50 55 60- 

He Ala Glu Glu Phe Lys Thr Leu Phe Gly Arg Asp Leu Val Asn Asp 

65 70 75 80 

Met Lys Ser Glu Leu Thr Gly Lys Phe Glu Lys Leu He Val Ala Leu 
85 90 95 

Met Lys Pro Ser Arg Leu Tyr Asp Ala Tyr Glu Leu Lys His Ala Lys 
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Tyr Gly Ser Asn Leu Glu Asp Asp Val Val Gly Asp Thr Ser Gly Tyr 
145 150 155 160 
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Ser He Leu Asn Leu Leu Thr Ala Arg Ser Asn Ala Gin Arg Gin Gin 

385 390 395 400 



He Ala Glu Glu Phe Lys Thr Leu Phe Gly Arg Asp Leu Val Asn Asp 
405 410 415 



Arg Thr Pro Glu Glu Leu Arg Ala He Lys Gin Ala Tyr Glu Glu Glu 
46S 470 475 480 



Gin Ala Gly Glu Leu Lys Trp Gly Thr Asp Glu Glu Lys Phe He Thr 
530 535 540 



Thr Ser Gly Asn Leu Glu Asn Leu Leu Leu Ala Val Val Lys Ser He 
580 585 S90 



Gly Ala Gly Thr Asp Asp His Thr Leu He Arg Val He Val Ser Arg 
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610 615 620 



Ser Glu lie Asp Leu Phe Asn lie Arg Lys Glu Phe Arg Lys Asn Phe 
625 630 635 640 



Ala Thr Ser Leu Tyr Ser Met He Lys Gly Asp Tbr Ser Gly Asp Tyr 
645 €50 655 



Lys Lys Ala Leu Leu Leu Leu Cye Gly Gly Glu Asp Asp 





660 


<210> 


7 


<211> 


30 


c212> 


DNA 


<213> 


artificial sequence 


<220> 




<223> 


primer 


<220> 




<221> 


misc feature 


<222> 


(1) . . (30) 


<223> 





665 



<400> 7 

acctgagtag tcgccatggc acaggttctc 3 0 



<2io> 8 

<211> 36 

<212> DNA 

<213> artificial sequence 
<:220> 

<223> primer 

<400> 8 

cccgaattca cgttagtcat cttctccaca gagcag 3 6 



<210> 9 

<211> 8 

<212> PRT 

<213> Artificial sequence 
<230> 

<223> purification tag 

<400> 9 

Asp Tyr Leu Asp: Asp Asp Asp Leu 
1 S . 
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